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F igure 4 . —  C ompressive S trength , M odulus 
o f  R upture and  Tensile S trength , 
for D ifferent  M ix e s .
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F igure 5 . —  C o m p r e s s iv e  S trength , M o d u lu s  
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Figure  7  —  R e la t io n s  o f  M o d u lu s  o f  R u p tu r e  
a n d  T e n s ile  S t r e n g t h  t o  C o m p r e s s iv e  
S trength of C o ncrete  m ade  from D if f . 
C o a r s e  A g g r e g a t e s .
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of R u p tu r e  a n d  T ensile S t r e n g t h  o f  C oncrete 
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Fic. 15  —  C o m p r e s s iv e  and Tensi le  S t r e n g t h s  
o f  R a p i d  H a r d e n i n g  C o n c r e i e  f o p  D i f f e r e n t  
W a t e r  C o N U N t
Vi n 
UJ
m 1a 1
■ E E
AGE A*r TEST «N DAYS
R q t \ o  - . 6 ©  W ' e » c j kh t ?  v c  8  °Jo T o t a l  D V 3  V V J e y ^ V iT *  c& M
• C 6 «, *. B /o * fc v
•72Z -
W  /<=■
tr
ia. the o f concrete fe fe r  i t  ib to te d  in m 'y s c m & o n  W  ..
t  v jk i V *  & tft* 1m m  U w  ^ to *e n r ra t  satto t&a Me? t r  a rt
t o  s^rcrcfe m l& iitc li?  c l t o  a -ir lj ti&z®* II f  § m tM  tf t
t o  cdECsefc of vsitcr content t e T O s  Mtli ^ *3^
anima tovlnj; to ssJL&tion txftr.am trira-cacnt ratio 
aixi ea^roectve end torrilo  of aer r^ato efc ?ou  £  f  d^a
to 6 rjonto ere $wm; la  lig* M* ftis aiirimi Iw  t o i i  oa 
In 1&&* 11X* It "Hi fco noted t o t  fe r e  in  l it t le  itiffcrcssca 
hefem  t o  TrJbervccwt ittie*&fcro^;$h curves for t„ #.fe* te s ts - 
mS fe e s  o H 'lso d  t e  eororo^Jlon to tc j i t  v.1XX efeo Ibo m tel . 
t o t  t o  v&,tor content Lea X^ zm effect on t o  tensile strot>c$h. of 
esmfois H a  ©a to  occxe^ saine.
t o  cra,mi of eixtrc; trier i& grossed n n 2 to |t$r 
■«2l|#it) to to of ckxraf or ilso tr^tnrwoeccnt ft.tio# toee
testa to t & t n  c v t f fc x v m im  etenfvh of tepid IintfC’diij iSiikle-M 
curxant concrete o f #g3 ra tio  a t IS  dr$$*e14 eo 3# >07**
Ilxi# per oq* in * t o  t o t  o f * S 3  feJMcs&nfc ra tio  &% t o  assi 
tco m  £*1* i*4 *o# per sc# in*f to c u  lo <Sl*2 im  eont. of t o  im m s  
s itc ^ fe  12130' teiill# ©treato o f ■wiwte - t o  o f *333 
tr*te**ecsaQnt ratieo taws £33 t o  X ffcX b® *. .par e&> Is* reep-aotiT^ r^  
to la t te r  m-dm tciiu  6o#0 m s  <&& of ilia I^ aiet* -
In  ccEpaMoon*-fece r  il%$ ir^ s  tli@ ccrnioa^iTO toros^'tii 
of mmsot^o o f *65 u s te rw « a ti c rtio  Cvl IB m  per '
WATER CEMENT BATIQ bY WT.
A T  T £ S 7 DAYS.  .
MONTHS
R c .  1 6  —  REiATtoN B etween W a t e r — Cement 
R a t i o  a n d  C o m p r e s s i v e  anO T e n s «ue S tr e n g th s  
of  R a p id  H a r d e n i n g  Po r u a n o  C e m e n t  C o n c r e t e .
por m * to tliieli £& cent of to fojrjfir strcngth*
S^oultf* of to I3uiluiv* Ileaaaxd'i fct^tiosr^ on. $* *$r t * estates of
lt§ *4  |i^ . ia lil^ | tifd j. msmM a t i l  isgrti
&im 3324^to* icr aq* In* $m a f^ter eramfc i  tis of *<$* m l 
£S33Wito p r  $%#. |%  for- & inlo^ecsxnl x&Ua v f */8# **Mdi i& Bf’ . 
per oar* of to fotfsor vs&ue* ,-
tore la 0 cunoiCor «© * ^  * of too&as Hon on to offuot 
i f  ^ n t lV  mtcp &» to  ^ip*€^oiiro o f eowscto . •
I jivh t f n <*;£<&*• tw r£$Ji€d lU reotl^ on i t r  toaiXe a ire a jto  m  fro  
teiit ffptti If toot .
Xt h t i n  Xoe,n obaoxmi t o t  te rd o it tpcxsinxa e f f i x  
f&tod toru^t to.p*w& felloe tfoto too© of *$&•&&£ :
feJXM sulj tXcoiicJi t o  1m l  taetoetx to 0 £ W &  m l  to iwtap* 
i l l  I#  t o  to t o  t o t  t o t  r**n  a oomrote «bs I© r;j?4o w ith cos 
«$a&» of mtef* to issrsoss reAer txsssu ttetea in fisttesTcd, g k J M m  
® 8 $ m m K  t o  V x  oa*f «  o f t o  k z p z l  to* causing I t t i f
p % s tlf t^si M tei. % S* W* eotieo^ la  to - of to  o ffto l o f 
#ir p  tiU ir^rtoa Icctoo of eocxoe c^Tocptoi r  to  m^zostol't® 
itM r th  of eoneroto* . -
i  i $ m l|. Cl <a ii % 11 k %
; jyi -a footAt of ilia. i I t  W& taetod it eorsy ■ 
.m i t&otu m  to ees^ iKiaafcn* uad to,..,lie o&rogtttt* o f cogto4&
oxiioocd of tczcyt klz&X t£*&KP$®& for dry nil not &ta?o* ml to '.
eiiktf ills effect of to masons of woto on botli for ©or©
kiMu of r^TO;,Tio^ 1st graded to dlffciw.t stoo*
fable If oiii If' tow Mn cttcrgtti if' tsg?tl totality 
bortxand Ga«t ocOTOte (o rios Iksw ¥ m l ¥1) I$2i4 (by vo&tno) 
fer &y end wot istoi* to  cxr&e ^ irc ip iis  tod of <rucL*& 
to x ti XcfXaoi graded fe iti f # to-1%. to  v^te^cctjc^t r  to  fol* 
etxioss no, ¥ 1.0a *4C$ (%' to ij  &} tail *f$ for Berios .*0* ¥1* • I t  ^
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to if-missr*. ttn, to Lijm* to iM# toot*. to
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%‘or^ 'bllity of cornreto m m iQ tirc of ?cn^CPto citonl fccCf# V' 
t o  ®rm r im  uno* *J3  it ii #S|3  (V  «t) iTOeiMTOGRfc m tio  
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Mi cgpeotatt wgj$- tw m  m M M  alto »  dey m l
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AGE AT TEST I N  DAYS
, W. IC. -484 BY WT.
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F i g . 17 —  C o m p r e s s i v e  a n d  T e n s il e  S t r e n g t h s  
o f  R a p i d  H a r d e n i n g  P o r t l a n d  C e m e n t  
o f  A g g r e g a t e  G r a o e d  to  O ne I n c h .
€ t
M  ffs* IS $m toiti I'm  to of tt 
to iraeilo m l  ompxtscolfo otOT^to of cowrote of aiffemt mstoxw 
ratio* It *411 ho mte! tot to strc*\ ju tf ,
sotei to. A8 la  mdb IdcJxn* to s  
tot of ccxcorota of ^ r^'toa ipfuL\i to f“ end of t o  rasa liic 
and. i l t l a  t o  tan-ille ottotigfij o f t o  fores®!* I t  midh ■= ■
Iocs t z 'n  to t of tin la tter Uto rca&fc ir  3ta$te& to t ta .
to $gg&&$lng & «$»3c*v-t$ of UJi ter* aaaifa stresvtu ir,y not 
t^ srarttr ilto Mf|i 8toap$t$t i». teoion* tt§* IS daa tot ■ 
to ratio alom dot® irt aoMrol to ftrosictli of
oo^mta lot t o  t&rlous iigipsgitas oasse $ lm  & imxiotioii In 
oiran;;to * »* t ic% to  iansti# street? x l§  t f t o t o  to n c ^ ta r  
sstoi tos is. to oaiasaslft- at»!gto '/v
f t  m ill te  m to  t o t  t o  effect o f t o  o f \*d^r
ott t#tfi t o  t&sdla end w prc * ito  stxm^:toi of txm&te of ra a 
i i m  o f r<£t«ehtcs is  t o r s t l ?  t o  teas t o  IP tli tin d t o f r g y o g :  t m  
n m l *
■ fust® If git oa to «  oiKp^eolfa utongtli of «o3?oto 
o f *434 * cm ratio at *<jo of 23 a v w m- ^OstKto* psr mi*
In* w d  tot of' #?0 v^ tezveorisosnt $&to nt to ssm opt no 
.par e> * in* rldch I t  &  par cart of to  fomar struvto Tim 
te s to  stength. of to  *M er ids at- to  rasa age la per
so* In* and to t of to  m tter Ms. I t  X„ ~Lh®« per so* im Isoing
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THAMES BALLAST GRADED TO 3/8 '
j. 1 8 .  —  E ffect o f  S iz e  o f  C o a r s e  A ggregate  
u p o n  the  C o m p r e s s iv e  a n d  T e n s il e  S t r e n g th s
o f  C o n c r e t e .
j f  *f p i ? # f  t o  fm m t I f  i l fm #  M m  i ® f l « i l  ;.
in  t o  *£ t o  offocfc of ^ateixm tit ratio on t o  efcrcrctih of
f mf to itniHn m i. #f oof^ toifi of
to f *  m& o f *833 t%  ta ig b f) mfciwcCT*4t tc u o  in-
a t tS itg a  Q, p r  oonf o f t o t  o f #j0 tosJafc) mtacwa<ar ©nf ra tio * 
to fosssor tel I«lfgr ooswotoe liwo to sxo TOlrUXit#- r.B tooo of 
to tgtter «-&! ^ fifif Eton of to Ini^er s&sse ctxpsapta rs^crtirolf# 
Wmm too i t  > iil H§ tto rfo i ilm t' to © fto t i f  tiioesss. of mt$r « :  ■ 
■to- emprecrdru «*%! to o llt  © ii^nsto  o f ©oncrgfca ©f ®eo*k& ■
to d iffc ra ifc  eiaoa in  paM tlooXly t o  &&ks p ro r ito l t o t  t o  rcr^VT^oa 
m  o f m b  mtur® s-xU o f cfa^o* I t  la s  c&rangy to aren tio n e^ jV^ ' 
t o t  cxx^ctrtoo b e rtto  m m kv l particle© i&oduco ©onorcto o f lov& r ■. ■ 
tcncilo s t r a t i  to n  c r£ ro p if§  s^s&ood toX 3y o r In  port of • 
emtol prUoto* mid tot to ictolt fctawctSi is oftotad to- m 
fretor etet torn t o  ocr^ruooivs ©tirnc^
- I t  m®% M  ra to i t o t  f ta e  mcXLt^ m m t  %& &$£iQ& ■ 
din-cU y to ocanoroto Im M* Urn mm o r vrjxyini* w te^ce-nnf nfcio 
iis l o f r^^rtc  too o f d if fe iw t to rtOT© t o t  & ta w  M m . ■
carried tut erHr to ©ta^f t o  effeot of to vrrlntiom in ite m  ■
■tos Mtsi of liorctpti m i to tow fm  & i»Mte $axt altof
tf 43 c tro n c to  o f n c u t t ia  * te - It Iw  M©a t o t
to aiir^ iisto to tos itoty ® fP^ d to f# #0 tint Its Mm ■ ' 
%wm & s im ilar *u . i l ,n  to  t o t  of ilia  iipclrnss touted r© m 4 i
to It t oiM In pointed 01
ib n i tto  rostSLte o f iofsailo fcosste on e^ noX'Sta 4*
to lw im&fc not fea tnfcon into oceioi^ rotion ne to 
uisod is of r-oiy Xc'icp atis o^ proped ^ Itlx to motion of 
to cpoo;b:cs.ia ubwI in v tcctr* It %& 14 ro n&tor ir,toroatln^  
to tosmoo to 0 00urn if U m m  § ^ Q & x m  fci § t|f £»teu t^ t it to* 
foarJ, c^x^’tfivo to to sripi n ^ m n w *$  for tootle tl;e^
ftpQZk mi0# ■ ■;'■
a m M S iW it ,». fiaiia. ?mmixh m  i ^ n i n  
1111 iiiiiii^ cimsii oaiifiii^
frJt&o V* t o  t o  &txBz*.$b o f sx$M XrM orlno fo r t ie s ! 
M M $  oKgscto {m tim  Xot# X» VJX* fill «tt IX) Ii£i4 {tc? ToXum) 
$ m . *53 Kto^omnt & 1&I0 (ty for Ottirg .
m n S l t t m w *  /41 m t? i m n  m ade t ito r  urn t W
toitoi wc;r^  acncir-^ fttUatt** .,
•letto llo. I u^f tertoo ibo* fix tM ^ m t In sater for 
§ a«l 10 or;’# in cir$ T&xto XO* XX in
t&tev 3;Xch v£aa 1$ to  rocrc^p of 3 Mate $&$s m  dtffbsmt # f i
ird» c?tImM0e c^torU
In  i x *  33 i i  to m  t o  cix$it>&4vo im i to a lle  s trrn  t o  
*$  tigoii e f f  <fcys to  6 pronto fa# t o  a & in c  «rnd iv ion i* I I - .
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+ CURED in WATER. —  
7 DAYS IN WATER, REMAINDER IN AIR.—,------
K 21 » M *' ** • —— ——
- CURED IN AIR................................
F i g . 1 9 - ---------  C o M P «e ss iV E  and T e n s h e  S t r e n g t h s
o f  R a p id  H a p d e n i n g  Po r t l a n d  C e m e n t  C o n c r e t e  
f o » D i f f e r e n t  C u p i n g  C o n d i t i o n s .
I *  . &$. ; reunion. am tocdtcn o t«1 in  el#
tZcvjoJ rn  lficpaxiO  In © tortto $0$ tXrx% 
t o  1$ rA$i£it&©* xidht tfrpm txmttt it* tr^tor to tx d
mnz&iXxM® im vw m  In  Sits f ilia l*  ■
£* t o  lus^r to i-orisl of curin,: in u'icr 
rurotri %'! the d r  tlio J;*$»ur x#n» to  f,tj\ri£ to  cl to  Icxlor r^e#.: 
3* to fc^arttofc r>in i i& taraw s^t to ii{ j^  to  ■®to9 ;: 
In £i> i‘j| II will tw* noted tot iotdi, to tosutlc m& oce£3<&oii?& 
tto n c to  orxonoroto arrt4  In Vv ter w o  to n  ticca 0.00! in
rir# rn.1 tie rtotl'ro iiior&’aa It; to iQ it l iu  Urcrjifo 1-3 crif8*
to n  to t  of to  o acm ciw  §tootjto  &J&© V cIto> to  
ixxi ccrps^ osiYti sliwddi of cxseroto auod in mior a t o f  • ■ •■ 
f  m  ;iu47rto «  i)QX i^* In* zml to t  e-m>I in r l t  &% Ha? ■tm® ■ 
r. 0 c 0 1®$ Br# irw toca is  97, $ *xr cent of H # .lb -
© trto to  c !ile  to  toxillc rto 4\;tli of e&wclrxM m m X in  t;< 0 r  
rt to & m  Apo io 2)4»t% ®+ per &> in* rnd tliii of ii^ r easing It 
re# s?f> la* vlidU is 63*7 W  sent # f uV $u$xt Ttln®*
Ito to g&mc&i on ■ :
4* V £* cfXirAtcs..JL totoxn of X*?*4 ewoxk. (If itojit} md of 
02^ 03x 4 cicvxi fete-x i $* c M  y i i t o  tc rfx  t ; l  f  &r%Tt r$ fXJD 
lie* i,43# sc* in* t o  %;ct'tofx m m i in tocr m &  2#00£>»lte* i &  
fen* in* for Udoo curod in rir^  tXid^ io 9; *3 of to fo^x# ctztxxdf^  
fn^ ds fl ewl H0* 2§ elww to. of u v w  HirtlC'Hil ■
oii'Kjnt canci^ to (iMiiIm i'loo* ,H1 f«4 ^ It l|  l i l f i ^  x ) :x;' tl«
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AGE AT TEST in  DAYS
MIX l%*3-5 BY VOL. W./C.*>54 BY WT. CU«€0 IN Aifl.
.. WATER.
Fic. 2 0 .  —  C o m p r e s s i v e  a n d  T ensile  S trengths  
o f  N o r m a l  P o r t l a n d  C ement  Concrete f o r
A ir and  W ater C u r i n g .
tulr* roocri^ lcxl l$r to Jn&Ut *tto of Civil iaT,tooro 5n to ■
®Qo&% erf ixr.$ktoJbv tit) ixmto ««& tedtesction of to aoxo&IW 
C&tiorote Otocteos £;>r to  steer^ p of lito & c ^  m i of *$t tsB.te> 
catm t ra tio  (tp  fo r &$r t o  %mte oi*rte> * * jJ ispcxtena
m m  ttfr/jY?& £m m&to cfte &:w* oofto Jt?*r HI om& a*y 
m l tcctoX &*y* ac-iieo S50* M IX  eurod id  trite ?  t o  iostsa tsdu 
i> rclm iar t o  o f 4 u  tts  mao an ill& s iis t  dn$ra w & m } ^
c-tonviao stood* ' .
... It f;lXi be m*s& ttofc to effect of to euxiru m  tte 
ntrnrvtttA o f n o i t k i l  fo r& to  oaconfc cazicrsste is  t o  ©rs© as t o t  o f 
jer^ ad ir^dtoxti lortlcad ocrasft ootciioto# ItCi, to ts:tol© m l  
caq TomivQ otronpto of oas^ roio cured in wtor tire liXJmr tLii 
%Uim m tox in o|x\ flu &XfttiY9 in to t j£/> &to©a •
is ti^^r feci tot of ’Hi© m>\yjoz%lm *i Wi * t of 4 *# 
Vto© ro tot r& ticoa foi: rapid lm\tol;A3 Tortlml ccr«t «iarat©* 
Sfor rs>3trl io r t& to  comdt eorrxto© U;© ro to ivo  inerensa of 
oc^reonito it if? i.iicli M ‘| «  toil tot of to xttpi'i 1 r^ o tX r /%  
KntXto cas&ft m m x ^  viiiio its teTOisa in tenciXe ofci^th is 
m t i t low* feto VI ci-TO to revxt o^ -racaaivc itxfeto of 
teto itoXto on crt eoaetoe aimi in tonr £t r^ o of £& 
m  J£4C4.:ft&* p®r an* in* .fint for to $ ins ooix&cto rn.mil *& niv 
nt t o  $$$$ neo o* 47$«-wxi>a* |w  so.*, in * to e n  i&  *$U5 i«s* cant o f 
to fiwft? otrorcto tiiiio to to Uu ^ n x ^ S i of cpecL’tjoa m$m4
in mtas* ni to  te a  isq$ is * xox in* i«m| to t of ’jy
mri&s ia 3k843*» j* * in* *Meh la Cu#3 icr ®s&& of to  t?*x?
lte*a is m  feibt tot to Mt$4lfil¥; isislX t e w $ i  t o m
in i^ %tioauiv© s t r a t i of CMiicta atfoci in w.tor is i;>
to ditfa^w in frintiaa to crxfibrard i*noiln;,: mi to ImM.
Cf to iOToeirono cure;! In cir to toco in ito-er* 11.0 excirxM
suxod la rrtor totod tsst foSXx, tgr fTlitlin;; into a xmhet of
roxtiod oUgoo* cn tom  in : i>  rxs till©  toco ctxxcl in c ir cr4
tcrtel <S2y f  41©a %W ^ ’d itto s  okmc ta lito  ntoos oat of 
■■'■■■' ■ :; m-J?
topct* &a t o m  in fie* to lUtoxt# %sxp&&c& £ and 2 m w r  t$w &
Civmi to 0onolnsion tot fator© of concrete unto exxi\3i3oi©»
cftcrt# V  to of to ctofeia aUsxtto to ixr© j&a&iis ;
eiauxts Cefxts act iprc;oI itocntilfs tol© to friction Wfean
to head of to o^oeteEi and to testis mc&to Jarosoo a ix n tu i t ^  ■
#& to lateral o;|vtocn s£ tlsa conorci© laid p ^ t s .'to
of **34tUru to to ato ills &mot$ tXidkxs ctanc pXaaoo of nifeoos
ii4oli elves tin iXiteo* c^ ti,r\: to  ^ ^ixonion ©f % Uuio
%% ■ ■ ■ ■ * .If* tocnto; cions Jjx&l&ad fXomss* ■ TorA** eilttmt<a4 tos m to 'in t 
If1 <n&tteu tlx aids of tin a* od&m* vUU iwfiin tuc* Hn stofen 
enbos f;iix /l tgr emitting Into & » rilxx of vaH tai ilieoa* ton n '
m m iCotodo cbOTcso in uli& *> ocrrxnxsivo otesigfe 
Intomol Dtx^»s$ &»t id totrir<p m l fe ir #f|X0t ifbd
ulfctarte strati amnot bo ik\jkatad* to;x stee&os m®.
FAILURE OF COHOHSEE CUBE CURED IN VMS®. 
At® TES2ED 'SET.
FAIHJHS OS' CONCHSEE CUBS CURED IN AIR 
AND TESTES) DRY.
conciliated MJhex to fgjoeftaat.a oavoi in  n it ttim tooo mto& in  
ts&iea?* t o  m?*&n \ K t n &  te *t to tiX r o f u>m t o  to  - i r  la  moU 
greater tlra  lie  te iliix i la ^ e i* . ftn  «if©pf of gfr&K* to o m !
on c^oii^aa cito ! to t i v  Is  i v&% rix a te  on tonsils testa 
Urn on to ey&roestv® toto* fllli^ iili to teiillt nwi'.ra it 
3** ^  3f* i& awia owcitat m i to coarprcsste t> $ m f^ m  Is 4s" out% to 
tvrsilo otruato i« f (;c. a^Xd op$id ;\f to u t o n iw tito e to  of to  
otorcto Fo^t4^  jolsted out* tot < ? M S c m M il 
tiras tos to i t o w l  to idilcti to tension
mot to t&ksd to tlm tetsil#  l#s4 'lip o i^ i « l  Mm m ® m p  otroooet 
totkt ten. to load sixl to «  is lets ttei to atxoreli •
iliioli in oslp rectod mri* t o  emtoo o f to f^ clroea* ilia 
qjj&te cy&y t o  spoctxias cured in oir* rs tooo torcd in u*tcr ors 
isjUcp initial cxprcawtin otross rsai* to  toed to ^  r*
tA llm * v &ue ton to t;M tcnirilo totnito 2Tor tlto mnxm tevte. 
cyectem ito> Mt'2» *tneng:fch Uxa tooted wfe :tlm xbm ttntod 4d* : 
f l v  ^ r io tu rm  t^osses Mt? o^Hoafcwto etitter*
In tic 03 i  oieotoa to is inlUxll^ to to .
ton to teai &M*loi d  to csaao i)i#M§|isl.
. sisiiiiii! tit m s m m  ibii iimiiit
toiafll and Fie* &3 #vjx> oatwiste M  toxte
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AGE AT TEST IN DAYS.
tso
■ I : I : 2 MI X.  BY VOLUME.
I: l| : 3^
* 1 : 2 : 4
R e .  2 3  — C o m p r e s s i v e  a n d  T e n s i l e  S t r e n g t h s  
o f  R a p i d  H a r d e n i n g  P o r t l a n d  C ement  C o n c r e t e  
for D ifferent Mixes.
63*
1» X :>siS }3) ItZ tA , is l*»3 I ''Hi 1»1|2 (t? volttw) te.tiC^tIv.ljr,
til m3> J[ -t3 3 ^ XX^ -1V3»^ # 't ■ '
"ISic? ^ ctem tmr* zv,mwoI fm% txtcdM oitsx om mi 
cfai05 in  «3lr vn it il tc^t'oi*
Tfco vntcy etrm * ratio (ty m icM ) c iw i ia  l&o i^oiri td&© 
for iua di&*cru»fc luto^ { it  rkiela m  n  t  rt;f$ for ih i
mrfooct di’^ditS Y^lncs of ths in tfa nnount of inter uooct)
ew cli^sori to £i?o «i> elu:.;i icd& r^ l i:oro or loss tj£ i-s^Ot Oil 
provid&vs m  axw at of u«£er criirl to 6 |>ei oct& of vcl %& of
;£&ua ff*5  i-or coat of rc ijk i i f  w&nt* H ie  amr|>tioa 
is iC‘Ite oM tixm% nifintaro of r ted: in dc-nni^  Ue*
rdstaim Toido? oiK;n:tcsimi uSsxa^ il * oral it rorsecu rlil; iko aim of 
W itolds'oit x rtij for <4i£a?ert ii:n a  for i.ndrin cori ^ ^ x lv c  
®%mrtpi d i^m  In $i&* £4* ST&& m m ?  Is  cletiiood frc& mrroo for 
tba rfiaMon U'tvxaa lAjto^aaoat r*Uo #n& eituidtif £;tixi\;;S% for 
tilffarm it conorcto
• . 'J&l jo^dioom for tfco dilTorarit Incxmrod in  t4raaJ2l '
tha $iit& tfcfoo fconto* of tor U$eh tin tz&zviim vm  
fBr ^ociiaona of (fe* iroteso} * €ie rte  r  colt# ’r ' t& tLa
Inativtillon cf C lyli Ir\;;inccrs in tuO nCodo cf iw otieo for t!\o fos;ii{ji 
end Co&cfcaictton of rrlofoi'ocd C orots C/atieturao for tA3 C&irx# of 
* ig m  st5«v;t;ln of l i lx u t $$ \<cr ecr;i b i t h :s  tin t tte-e of 
• te  l-i2i4mlm f t f  w » v} tmWi iM  «3^utssion « l  tonoion#
]a PE.R VIE A B I in ' f ,/IC E  2© DATS.TE3T P R tS iC R t |oo t»S. PEI* S*.l« 1.2i 50 - - l:3'/j-.6^
CURED m WATER.
P E R C tH T /vS t VUXtMa WATER (T, T W tlCHT) OF WHOLE OF QRT MATERIAL
EFFECT OF VARYING WATER CONTENT O n 
MIXES WITH DIFFERENT PERCENTAGE OF 
CEMENT.- BY— W. H. GLANVlLLE.
2 4 r “ W ater  C o n t e n t  f o r  M a x i m u m  
C r u s h i n g  S t r e n g t h .
F i g u r e
A * Itzxlutlaj lortito Ccact! CorxirjiQ*
. ; Pig* 2$ &&VM tl'-a itotlOB t?f tonssilo l$XC$g$U to 
cofprucsiva otrcar t^bi of ra;,iJ l^xtict&Gg Im tlm 'tl c<r#n$ mmtoto / 
l l.t |4  vo lira ) of oattoX toa-es t»vXXr*£$ £#*&>& to for
rataiweatmt rstio f% todit) ml cuscd In rjtr# S%c* 
to r s  tU a  vc&Hi&n fo r t o  &u> to t  aol o f *>3 u  &*vc.m;fc ra tio  
fy.v toTato; ot!i\\ cortotom nn$ ;? too too too rtotoi 
for raid 1« otof.re ^ odlto camA eoix*reto of XiStAt to .
X^XsUilx (V volume) to *f ato i^jto to for 
vduo 1$ to d  t o w  toots dt\l5 o*i different tos* Xto* ■
?<J t o  Zf t r t o  <u t o -  in  IM iou H it  ¥ m l VXf scojocttvfcty.
1% % iti W rapte J ih i i  t o  ito d -to  laotoon t o  ts to lt  arid ■ 
coq^caiK i iov  t o l l  a id rc  c to lilm  lo p gam rxllf
civortztsxip- m v & p  constmt m  lore £0 to oa^ rosxdtfa stonctis its m i  ’ 
QXhXm i t o  ^OQOtoa* #0* in# -tor I to n ^ c to ^ to a
tototT' o of fras 1 *5 0 0 to y#0C0<*lu>* jer &> in* t o  a w l  la rir# 
to toslla etroajtli is tout ortodirtarto t€ to oa^ \i^rIfO 
f tor^to a%& ^ t cmxi iu m to  t o  tcudLXe* Is tou t
$a@»tc>ntfc of to oa^ )xx,ooto ctorctSk XI. dll. M  noted islso tfet :- 
to tor to too^ea^'to tola mr to tfttolt^  of airot r fleets ■ 
Cldd toaMto : it cn» tia oottoKlod tot t o  teitoli ftetttffeflf 
r ^ i l  DtoIn; Xtotod arto tone a. to tvrc;os frai tout ortoantd 
to ontoddomtli #f to itrmglti m& Mi;
COMPRESSIVE STRENGTH 
LBS. PER SO. i n .
Fig . 2 5 . —  R elation  B etween C ompreessive a»d T ensile 
S trengths  of  R apid H ardening FbRTLANO C ement C oncrete 
for D ifferent W a t e r - C ement  R atios .
COMPRESSIVE STRENGTH 
LBS. PER SO. IN.
Fic . 2 6 . —  R e la t io n  Between C o m p re s s iv e  and Tensile  
S t r e n g t h s  OF Rapid  H a r d e n in g  P o r t l a n o  C e m e n t  
C o n c r e t e  f o r  D i f f e r e n t  C u r> n g  C o n d i t i o n s .
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mpk$r^ & orily on to  msifU m th® rclttion of to  ,•
cfcsotCto of cp^tosm taring dX&vwenfc oimUUona '
in  fetroon toso Tolueo#
In  $!:> S3 io town to  relation. of temiXo fitMctfo to 
eaproooiw &trop*yUi of rcyiX loxdcrdn^ : itotosriX earat m rx m t®  
X|2|4 voXira) of CTtoX txiXost p'tvioX to $# to  2f * I I  t d l l;
t*s notod 1 »  to  o to  of clXCvoia to o  ru lr tta  to a
ocm ttotoo <xi£tot* Ilia  te to le  ctrcotto of owxoto arod Ira f i r  
to octoeUro cf ccixa^r.to tTvded to 5* to tout m>«i2'AvtmnUi . 
of to errrjreto'fa ctrx^Ui xi^dXo to te o ilo  of to m o -
csojxroto tut conolotl‘i;^'* of ^ OT^tcs &xtoi to 1* is tout ones* 
ttitoitox of to cq^ TOscdtnQf fctrceq:;^
M$. * fh.fi/ff/w-S3 C/XfjIX 00^ 4^  X.XXt*
.• . It^ 3 }  tZ m ®  to Kfotlon of tomxIXe otie%i*fo
oosp'taoift rtorvflx of rratttiX fcutlto oaxrri ooocto#Ill§i3l • 
fty ■veto#} of cmtoX T>xrjm Xr.XX&G$ ;^ rtbi to £* for sir nil toer 
ouxlnc* itoi w.tuo iti to of four to to too on ulffexert
d'-yOi It olXX to m to l tot to xtoUm l&'&rcrn to tctolo mi 
c&’xox-oote for too tyro of otovtla fc^ ctorall# X
mrs&y count'fits tttf to iairlXo 3to * to i*j rdxM ociM'Iftoenli of
5o
a
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HXON3M1S 3HSN31
D
ip
re
«f
N
T
 
Si
ze
s 
o
f
S
o
o
Mi.ON3 8 iS  3H S N 3 i
of
 
N
o
r
m
a
l
 
P
o
r
t
l
a
n
d
 
C
e
m
e
n
t 
C
o
n
c
r
e
t
e
.
§§ if 3*1 t % u r*
' ffjo l^iacipdl cto of lilt teistit t m t $  Is to dofci&rtm 
te;csHo stond&t of eancrafct® *4*1 m  otein. dot a %hlets ctm bo ■.
&ss teds for ctol#* of t x & x £ o i ix & v jf f i£ Q t&  ntoct&ros f m  
of Iiu^ i40* *iteo etguotofts mil a m  tin m m  Itotot 
Of m  otSter ttdrlbreed eomioto &&xucfcaj?G0# Its® rteotr«oa
of ttec struataro® olefins IsrrirXj &%)CTjdrnt on- tl#
tourdtc* of oonerote iteae tool® £to tolls itimctti,
of marl ea,ent m m s x v ®  of iiX$f3S w&sd$J oomiotlr^
of ^ Ir^oo Idlest ix^SmX to §# oiil of * %  xatis cvl 1 0 ■
tt%m ta jiSklho* jap sr> in* f o v  &y m t i t c  ««d 35£kllB* rcr «r# in* 
for vk4» omdnc* ltd® ntor e $w& *&U$. gto& & ifey %3m vfcMh I# 
not ixXiafLe in psactie©* In ti# eoeja of sMrforoed canrast® ?.t>3& ' 
xtXiaMIliy 1$ &shks ir&ort at t fa  n  w a d b rm  u&sen$fc* rai Ispi^tod 
ty noin:; cwcttJfco of mch n oor?olotosiof t&r.fc It c m  really bo oorlrod 
into xtee in tl j* iboa m l  i s m i  to* Ixtt* In fedrjdrfj
^tl»i .itmiotiifoi ilm i©iMi|| tenilt $te»$£ o®tiei?ei# ftaill iiet1® 
t’fcm In vzy o o in ttro itoi X10*Xte 0%  In* stifi 
tlio *\;olctoo3 oi Ur* cawctcia to cGsadiir** of xtotfefti In dtett 
torsion Uildst cItoo a fecte of «r£ct$? of nc&riy I It £*5 rx^octlrc 
tbo irdtird taioile cfcxencGk duo to sf ilffo £0* fei *&»& of Bn^lioe 
f o x  il.10 iJooijn ora Const motion of rtcirdtecd^ Cutxrrdo Ctootesci for 
t’ja of ii o ^ W 8' I, t «* l»titatto o-f Oiril uctoess c im m
it*  In*. V Xlo stixm  of wscy t® la  :
1
ilxfe t o m io n  rfsidx I m  boon jswtd It Is too iddbi* ■
T im -train eonolatlDsi Ite* % c ' tests ii® «? *Uw*s**
' !* * Xto retor ■ara?& mtlo I® & q^ xiA^q factor in fe
ttseni'to of comroto vlniKte I t  i f  t t i t i i  Is oppression or Is  ■ 
teein uiJt th  % U*m Xoth IM leto^oarstr inti® to9* !xl:;Xcv ar® tbs
f* * «2n Cloct yf ihj t,i?toivra'x^ t & U o  o n tedtle 
fcis\3icto is |XLTyQUed|y Cxi trsua &@ t i n t  os its ttesfei’r® BtetctJ*
■ 3* «* flurlng: esaaltioc© m ®  T i®  ^ t r m i ^ r n
of ecr&ycto airei in iniar l m m : i m  vdih ®£p Ulla Ur.t ear®:! Cry ’ ' 
0M3? ysrlrif ibe Unit ttao r:t)st!x% tftcr dCLelx i k m m t m  
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... pie strength of concrete of water retairdng .structures : 
Is not only affected by %he different curing conditions, and weather 
changes hut also by .subsequent water storage due to the filling and 
emptying of ..these, efructures* , ... . .-
. H*,W# Coultas^ suggested-that in the case, of rnter 
retaining- structures the .curing of. the concrete cubes for strength 
testing- Should correspond with .the conditions to which the concrete 
in the..«iructur& is.subjected* . iiiis would..indicate sufficient 
cubes 'should, he reada in order, that tests could he carried out ■ 
corresponding to the three of filling and enpiying of the structure* 
irMch would hem^raetical*
75.
,, As already mentioned* ■ the resistance of these structures to 
cracking is actually governed by tlie tensile strength of the concrete ' 
.and not-ty the compressive strength, Tests in Chapter II gaye the 
coiBp^ ssive strength at. 28 days of m m £ L . Ibrtland cement concrete 
of {tsr..^ 3wa©) .oC;.«s9 V ^ t^e^c*apBn^ mtio.'{^wei^rfc} as-
4*792*1133* per sq*. in*.:.for air caring, and 5*24&*lbs* per sq* in. for . 
mter cuilng, © M  the ..tensile strength, of the sane concrete at the 
same- age, as. -.3 3 * 8  -and 36&4 hs*. per sq*. in*. for air. and water coring , 
respectively* ' Tbs *Co&e of Practice for the Design and Construction 
of Iieinforced*-Concrete Structures for the Storage of liquids515 gave 
the working compressive stress for this misc. for calculation of the 
strength of these structures as SBCklbs*. per sg* In* and 1 7 5-rbs* ■ 
per sq* in*, for direct tensile stress ..in concrete for calculation ;
’ of. the resistance’ to cracking* ■ : This gives a. factor of safety of 
. J for OT^ressive . strength and 1 *9  for tensile. strength neglecting 
the tensile1 stresses, due to shrinkage, which reduce. Hie'' factor of 
. safety in tension to a value more or less equal .to, one* ■■■'■■.
' B ern infomBtion. has, been polished . m  .the .effect of 
. mbseqnent mter storage.. on the coEpressive. .strength of. concrete 
hut as. far ad the mihop Is aware .none, has .ten imMished 
regarding tMs effect on the tensile strength, and in consequence 
of the lack. of knowaedge. on. .this- subject It m s  decided to cany - . 
out tests on .the effect o f  .subsequent water storage on, the tensile
and compressive strengths of nomal Portland and rapid Imrdenirg 
Portland cement concrete* v , . .  .
I B 1 I 0 0 S A D  If*.
. ...... -Brof *' Sr*. Baas |SM| in M s  .book* .:w0effient Ctaietry in ■ .
■42Theory raid Practice5*. ." mentioned that, tembeur found tint a . ■ 
eonsideraae diminution in. strength m & : caused ty. storing in mter ■ ■ 
cement test-pieees that bad already been, allowed to. harden in 
air* The tensile and emsMng specimens ware first., subjected to 
one -day in moist storage, followed by f  days under water and. 2t .
days in air* .-and. after stor^e for a. Ibrtber £8. days in water they
mra tested*,.'.^  Bs. cat ^ lliahed that, in a great »i3er of eases the 
strength after these %  clays of storage .was constdemldly less than 
that at 28 days* ,,. s.. .
: ■' Prof* JSaht,.tested Portland cement underIfcefcoxsge and -.
found that. both- the tensile and emuting strengtlis increased up to . 
2 8. days* .after. m W c h f r e n e w e d  mfer storage, a fairly rapid 
fell in strength occurred* , He pointed out that this, strength 
reduction passed through a.jdLniBW value, and a pronounced recovery 
Vfis evidenf * . Afhrther series of tests were in which canents 
were transferred from water to .air .every. 3 to. 7 days, or vice versa*' 
It was noted that. Hie, strength t o m  fairly regularly on transference 
to- air, and likewise fell during water storage* .....
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to Jjnportant paper on "Stucbr of SSatteds of Curing Concrete"^
ly M» W + ,:0 m m m m  m m patiiiabed.l^  M m terioan donorete Institute#-- /: 
flie tests covered a wide study of the reXatiwe effect of several 
methods of curing concrete roads oil the .conpresslve sad flessuiel 
strengths*, .' Has- test pieces, consisted of 6 n ty 1 2* cospcession 
cylinders, and 7n %  7 W hy 33’* teams fox- fleatire tests* Use ■ 
concrete used ms- of. noisaL Portland cement* S.g|n sand* and Elgin ; 
coarse: aggregate graded 1 0*.4.** &§* in..the- .proportion of.IiSjJ -."■ 
( W v Q lu m ) ,
fig*.;. 30 Maows »ipressive ©trei^ tli-of eonqrete 
cylinders for the following conditions of ©toragu*->
■ : l*.: . ;0ure4 in. mier*..
., 2*,\ cured as indicated, and..tested as cored*.
. , 3«f , Gored as indicated inf tested after d 
,/..'soaking in mtor in order to teing the 1 
specimens to U rn same (or; greater) 
might as that when ronoYed from the
' It was concluded. that. there were mailed differences in' ;
%lie strengths of similar' specimens tested as. cured* and. those of 
same curing ..tut tested wet*,.. Cylinders tested, net -always showed ■ 
lower strengths than.when tested nm  ..cured* eaac^ pt in a few cases ■ 
at early, ages itei. Ms®, m m . strengths mom or less were obtained*,
. In contrast, to. the-, cylinders*, teams tested wet were 
■generally, stronger at all ages than teams tested was caredV
78.
s. £ m the as shown.in.- Hg* 31*.. .' It
i^.<®rK&ud©d tlmi.'.tfoe limt&ns of mptnm.ef teim  tested m % and 
f,as cured* appeared to. be. greatly Inftosneed by the extent to. which 
the loemm' bad', dried out .sod the degree of -saturation- ttierx tested*
,. Beault' of tests, on. .*33be. $£fddt .of ^ k m c p m %’ Water. Storsge 
on tht: Oor^resaiTe of . &;.i&pJ4  llsrdenirg. Portland Concrete
Id3iturett^  m s  2&ddi^4ed3 ^\tM Institution of Stmcturat Ihgineers* 
these tests rare carried out on three 4iffefent groups of, sis 4* , ' 
cdbesi^e
*, 4: ■ Croup,lo*. 1 « * CSubes ipsm kept.'.for ora. day in »jot4 d* ■'
. . ? da^s in nater, .eM 2 1 -^rs in air*:
. k  set of cubes m s  tested at tMs stage,
, ■..'. .. ' . .-/and .another set.,after a farther . .28 days .
.,;, air stooge* ,
Croup id*: XI**;. Cubes m m  kept - . to t one day in mould, ; ,
.. 7 dnys.In wafer, and 21 -days,In ©Ir, rf-p 
... end then for further periods of 0 , 7 #'
14, 21 and 28 days water storage*’
Croup iidtin**, Ofbes were kept for one day In mould,
.. 7 days In air, a further 2 1.days in .
.. air, and for further periods, of 0 * 7,
■.. .',14#.:.^ and 23 days in air*. .
The concrete consisted of rapid hardening Portland 
cement, .'.dry white XeigMon,Bi.smrd .sand, and §’** Birfrdnglm T s m  
and Pminsge Board.Crayel, i n  the proportion of 1*2*3 ■{by;, volume}# . 
The stop test.yaried...from 6I*1 to 7%  ■■■■■■■•'.
.. ..The.'results, of these’ tests am.-'shown In,fig* 32# ' It 
was noted that the cubes ifddi were. stored for 7 cleys in water 
after rei^ OYing from the lrould and then, stored in air, gays the
80 .
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gate lower results. The ccspressite strength of tbs cubes of 
(itiiehtaa based. more or less, on storage :m©to& for 
testing cement briquettes need (Matour) towed a,fail in 
strength with furtor.water storage up. .to 14 dD&rs*. after- which 
■there- m &  a. gain,in strength* '.
fd tough sciae tsluable informtioa is ateilaMe on to 
effect of mbsequent mter storage on. the compressiT© strength of 
concrete, noticing appears to hste been jut&itod.re^riUng this 
effect, ©a .to. tensile siren^
. fhe tests, made the author cover a study of to effect
of -subsequent mter. storage on . . t o  conspressiv© and tens 11© strengths 
of nosmL Inrtland and rapid. Iiardening iOrtland cement. concretes* 
t o  i4 t^nres; were 1 tiff 3i (hg wlume), for nonsil. Portland cement 
concrete. and-.l*2i4: (^ ...itoIubib} for rapid hardening Portland client 
concrete* ..nod to  trte3>c@nenl ratio ms- *54 I W  weight} for the 
former mis and *53 ()$wwei^.} for, to. latter mix* -- flies© mixes ■ 
were tosen* being to same as to a© used in tests, of topter XI, ■ 
in order to enable .a .comparison tofcemade between to  .strength of 
concrete rater, etoetpnii mter .storage and. tot of different. airing
■conditions,, Ilia materials used to'ou^iDuf «  also the- some as 
. those i n  s p e c x m m  i n  tests, of'top ter II* :. T m  f i r m  aggregate was' ,;
t i r n m n  Talley send and the coarse, aggregate m s  tomes Ml.ast,
erutod, mtod. and graded from, to §?V- , /OX; mixing m s  done V  
hand and each let da of concrete consisted of coarse aggregate,
SO^ lbs* ieandand the m < nisite .^ aantity,o.f cment.to gto the.: 
required mix, and ms. sufficient. to rsake four cubes fnd to tension ■ 
specimens*
. fwo different series fo r - e&dfc type. of concrete .were amde# ; 
.Series jo* 2CDT and ST were of rapid hardening..Ikrtirat.©eMit 
concrete 3n 2 s 4 mix (brrolums) s Series So* 101 and lOTII were of 
normal Portland cement concrete IslJ&yi (l'¥ mlume) .and. cared as ,
I f  . h-.;-;,.-
fa}.. Series lb* Ilf m d  M X ^ w m  cured one day i n  mould ••
- .cotered with .wet ,tol%  6. days, in water,., and 21 days ■
in air* A set of 8 cubes anti 4 tension Bpectons
were tested, at-that age, and a.further set after'
. rnothef ^ 8- dsys air storage, ,■, , -;.
(b)'.'.Series 1 0* W. and $81% mr© cured t o  day i n  mould 
. ootered wet sacks, & days in water, and 21 days 
in air,, and then for further periods of 1 , 1 4  and 
28 days wet storage, All specimens after to further 
..'".period,of .wt storage rexe tested wet* ■
■84*.
. Ml# average desalts of the tests for each .series are 
g iv e n  la fabLes Till and .IX* . |br resoits of each test see- 
A p p m M x M * III far. rapid Imrdening Portland c m r n t concrete* 
sand Appendix lib* - If for miml, Portland. .casent concrete*
, lhe.ee;.-.results are .plotted, in Hg®* - 33 and 34? end it 
MIX be no'ted' t h a t ,
X* ;..; A falx2$r rapid,fall In ccffl^ ressire strength of -Lotli
rapid imrdendng m d  .nomsl Portland eurenC concretes, occurred 
due to further ^ iter atorai# after: the. concrete: had been dried ' 
out -for 2i dagr® in- airr. and . His; strength reaction m s  mss!. 
jmrfccd on the strength of cubes after, 24 hours storage In mter*
' 2*: - Loth ligurea show that this strength .redaction passed
through a admaurs. value. in a .period -of one to. se’fe.n dajs, after 
i*Mda there m s  a,.piX)noimced recOTai^ *
’ 3* The. tensile strength .of. .rapid .hsupdening. Portland cement . 
.concrete did m%::phm . m ^ r itaifced fall up to seven da^ s of., further 
water storage, 'after ifiidi there .tan a slight increase in strength, 
fMleitlie tensile ' str^Hc/of,300x3^ - .Poa^ smd.' caraent concrete showed 
a fair increase after further: mter storage of .24 hours*. hut ..after;';". 
7 days of mter .storage: the strength fell to. elDaoet'.the- Brace Teluo 
as that for tlm strength of concrete.tested, clrj at.28 da^ rs old and 
not subjected to further ussater -storage* ;
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Co wc p e t e .
ty ‘2CU3rt^3©je*- roughly- the sane r e la t i v e  effect
for coiapressive and tensile strengths* and th e  mxmCL Portland 
cement concrete was more effected .than the. rapid.hm ^derdng Portland 
. cement concrete*. fable Till gave. the centre ssiye.. and tensile .; 
strengths of. rapid hardening Portland coaent concrete of I t 2%4 six 
{ I ts volume) at JS days old wet curing for f  days end dry curing for 
49 days as 9752 and 443-lbs, per ,eq* in*, respectively* while the 
strengths of the ’ same mis and at the .same age hut cured 7 days wet 
and 21. days dry and a further 28.days wet# &s 5092 a M  3?2Wlhs, pe^  .. 
&!#■ in# rt bgcctivUyv which are 88.1 and 84 per cent of the former. : 
values*; TeMe IX gave the and. tensile strengths of
normal Portland.. C0sent concrete of .3.ti§-t 3§':..3ni3s...{Issr; .’roi^ tsse} at the 
same age and for the former curing conditions as 6480 and 45?~Ibs* 
per so* in* and for tlie latter -curing, conditions m  5087 and 34>Xt>s. 
per. sq* .in* whidi are respectively,7 8#4 and.74*8 per cent of the 
.strengths o b t a i n e d f o r m e r  c^ jdrsg#.......
Coultes^' concluded from M s  tests that- subsequent soaking 
damaged, .the. concrete# and: In the case of ..long- soaking. the concrete 
Increased in strength piehably ty healing* The. results of autlior’s 
teats on tensile specimens objected to 24 hours of farther storage 
■ In water were very., .interesting beeaus% as..already mentioned# the 
normal Portland cement .concrete stead, &. considerable increase in
tensile strength after furtor water storage*, while the
rapid. Jiard^ 2ii..f03rtland c m m t i ■ m r n r e t ^ M M  not tow such increase*;. 
I M s ' can. .be 'attributed- to.,to fact that-. the swelling .of. rm m U  
Portland .cement concrete In water .Is. much higher than that of rapid 
hardening Portland cement ..concrete#. also, to. f p m e r .concrete fas of 
rieber mix than, tot of the.latter!terelbre# the initial tensile:, 
street near the siiii'ace of 11m speciiaen*.,te to further water ■ •■ 
st0xng%;,ie for the nontsl Ibrtland cement concrete ■
than that ■■■of .rapid Iw&adng Portland oment concrete* ton the ■ 
period’ of further water storage m m long enough to allow complete 
penetration of water through to Whole specimen end the swelling of ■ 
the inner and outer particles m m of m m  nB|pitude# the Initial 
compressive' stress near Hie surface ms. entirely elkdnaled, theiely 
causing a fall M  the tensile strength followed by an increase in 
strength ty age* - the period of eoisplste wetting depends, entirely 
on the dimensions of the rrn.se and Its psimeaMli ty^ .mfelch varies '
according1 to the . type o f. o a m A ^ M m . proportion of mix* gimdation and
kind of aggregate# and, to mteivcar^nt ratio*. . . . . .
- 0 5  iciii'ai on* ■ ■
. to principal, aim of these tests Is. to . deteatd.ne totor
to tensile strength of concrete falls considexalaly due to
subsequent mater storage! as that observed in ccnpreesiva strength!'
and to obtain, data which can. be, taken into: consideration ton . . 
est toting to working tensile -strength. of'concrete for. calculating ■ 
to resistance to cracking of reinforced. concrete structures for 
to storage: of liquids*, . M  tough it was noticed .that to. effect 
of subsequent water storage on to Native increase of tensile 
strength. W  was M#ier ton tot -on to .compressive strength# • 
and tMs effect, tends to xmluce .toe. relative increase on both strengths# 
both kinds of concrete .did .not tow any marked fell in tensile strength . 
cOEpared with .tot observed on to compressive strength* ,fhe author^ - 
o m  opinion is .tot- ton. designto these structures no .allowance , 
should he made .for to- reduction In. to- working stresses (both Is 
..compression and tension)* An already mentioned,. to resistance of 
these structures to cracking is only governed by to. tensile strength ' 
of to concrete and not by the compressive strong tlx. though tore
m s  a considerable, reduction in to m a p re m ive strength due to further 
water -storage, ;■• actually to inrltog carpressdve strength in bending ■
Is governed, by t o m x k i ^  tensile,i^ rexjgth in .bending which m n  given 
by to-. {,Code of Practice-- for. to: Ifesign and Construction of Reinforced 
Concrete. Stmctures. for to Storage of liquids**? as. 25D*lbs* per sq*
In;, in any .case t o  conpressive strength cannot, exceed 3%*lhs. per sq. 
in* 44 which gives a. factor of safety more tom 12* IMs does not m m  
that necessary precautions need not be taken to reduce the effect, of 
shritoge* t o  concrete should, therefore, be cured wet. until water .
is pieced, ill tlie .structure end the time tjetiseen and filling
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V ^reep1; is to tern eifjloyed to denote to How of 
concreta. utorioad*: M  % m m iIt of .to a flow* #deii causes a
continuous transfer of stress tom to concrete to to steel la 
reinforced concrete structures*-.. extensive researches tare ton 
load© on toe subject, in oisif^ tosion*q. factors #d.ch affect 
to tow of concrete in.. conpresslon Iwe ton toireugfcly Investigated 
in recent years and inucli yaluidiLe infonoation on ibis subject is 
available* foiy little is known, bouever, about to- tow of concrete 
In tension* and up ..to. to present time m  results bare "been
repsrding t o  effect of. tose factors on.towtinder tension*:
altough inany ore used for ctoi&sting the-, toinknge .
stresses in rein!greed concrete* based on to ttmt the
creep of concrete in tension is equal to tot in compression* iox 
tose researches. h s m  ton side under corntsni atospiieric conditions* 
i*e*l constant temperature and humidity* ereep*time equations4^ * ^
have been m  jested and based on toss tests* a ■condition v h lc h . can 
never exist*
, ; ; In spit© of the sometoi extensive researches that have 
been made on this subject in compression, it is; not yet possible 
to state, tot is the behaviour of tow of. concrete under the 
veator conditions.
, this paper presents results of creep tests trade on. plain 
and reinforced concrete in tension In to Btgineering liaterials 
laborato^r of; Battersea MyfectMe for a period of ofer to years: 
under uncontrolled teddity and tenperature* , id though these tests 
ney be. criticised on to grounds of toperature .and humidity 
, variations*, they are considered as an existing structure under m <$i 
actual conditions* to temperature .and. to, relative humidity are. 
recorded in Jig* 6?i JP€e 148*. . t o  effect of these variations on 
to loaded and unloaded specimens is .rator Interesting* . . It Is 
iirportant, however* to note tot these results cannot be taken to 
' represent to. conditions: likely to be acting on all reinforced 
concrete structures built with similar n&xes and caiaents*
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la 1907. testa 1w m : made ly W# K * Batt^ on reinforced 
Concrete leans under the following loading conditions*-
,1*,,.' Continuous increase until failure#
■>*,.. ■.. BfSfpeated leads* 'I 
; , ^ stated loads#
Beam m em stored in open air in tlie laloratorj wi'Siont tm p e m ta m  
control and temperature or toridity record* Heoe testa
steed tlie.flow of concrete under the action of load applied either 
lor a long or u n d e r .a m aO ber.p f tines# .
general teste m m  jm t e  >  IV B# IcHlXan^. on reinforced 
concrete learns and slabs under sustained loads to study slirinkage,
(in. the paper ® £lm ® being termed He total deformation
d m  to load alone after a year of 4U >  ly 48* b e ®  l?2s4 mix end 
of *00/8 bottom steel ratio, 42u open, mitB a centre load of S&KTbs* 
m s  3 to 4 times the instantaneous: defoimetion* . feats steed also 
that the time yielded had a much greater effect on the continued 
deflection than the Shrinkage*
IV E* curried out- tests. on reinforced concrete ■
t m m  and m  concrete, cojnpression cylinders* He stated that tlie . , 
defemotion ..increases' with the length of period of sustained load#- ; 
the instantmeoee.. deformation. being greater. than. the InMmt&mws ■ 
recovery. and the,plastic• reooyery; being yexy tell*:
g p . A paper by f» E# toJUl an^ presents results of. flow of, 
reinforced concrete columns of severs! lull dings. : £mm of these.' 
teats ware. begun after Urn oolmnB bad been in existence for about 
two months, so. tet observed deformations do. not. include those t o ’’ 
to- shrinkage ami to flow for that preairrdnaxy period* T m  increase 
in. stress for six years varied among several columns from 3 6 ,0 0 0 to 
000-lbs. ■ per Sq* in..: Hie: percentage of ..vertical' reinforcement ■ 
in these columns varied from *7 to 2.1. , it m s  concluded tlmt high 
compressive stresses; ere lihely to exist in the vertical steel 
reinforca^nt of concx’ete colra^ to .to. combined effects .of load# 
shriifege and ,ite-yield* and these ecB^ reasive stresses in tlie . 
vertical steal,idll he reduced as .the percentage increases.
.. A paper hf Ihber*^ * describing tests on .reinforced concrete 
beams gives the increase in deflections with time*. He Showed that 
the deflection of a beam, when a load, m s  first applied, irdgl.it he 
only ste tenths of the calculated- deflection, and tlmt tlie observed 
deflection six months, from date of. loading .may ..possibly be six* tenths 
greater than the calculated deflection*
Itsetter difficult to tlB suMeet of flow ■’■•
of concrete under means of e;cperiXiBnts on reinforced concrete
h®wm for the.foltodiig. resieom* ■ ■ . , ......
1. Complication of actea distrilmtion of stresses
; .die. to, lending* . . . . m '
. 2* ; . smiifeaga' ©tresses*-. : ■
3* How of concrete due to mrindage stresses*
.4# Uneven shiinlmge at top and loot tom lasers of
' concrete
5t- Hip I m t m m  concrete and steel#
It will te , rtliercd tfeat ,fMs aa’toject rust first be 
. studied on plain concrete. Misbers prefemlaiy under assiai load*
.: In 1928 B* !*■ oMslned tlie results from
tests on concrete -cylinders 4 n Hamster end I#* long under compressive 
sustainedload?*.. '
■ I# :' llie f i m  of concrete under- compassion in rapid for the 
first day and for a month or m  gradually increases as the flow 
teoiBs less rapid*
2* fhe leaner tlie wax* the greater the How for same
. character and .gradation . of aggregate# .
3* -- How of specimens stored in air is sppimidurntely three
fimes that for ^ ecisaens stored under water* ,
4* Hie age at time of losing has .a marked influence upon
the rBgnitude ofthe How* ' ■
t o  speeiioefis were . stored at. constant ,
tesfcpemtoe and Myromefttat due; to causes other than . ■
stress ware determined l$r unloaded. specnasns.
■ ©emHXXa. has carried out Mrjresslon tests at a. c&mtant 
temperature and im & t iX ty  mainly o n plain concrete cylinders 3fl in 
diameter and 10**. long*.' ’. lie pointed out tot totfo the elastic 
nm<2m n t. and creeps can for practical .purposes he considered as . 
proportionate to tire stress*, to greater tlie r&pMfty of hardening 
of cement for a given age and aixf: the lower is the creeps, provided 
tot the concrete |$. stored in air*. .  . t o  creep , ia dLoselp ^ eidant 
on the tent, content, and it follows tot Hie richer the rdbs* tlie 
less the creep.* .: Hie iiifluenee of the. age of the concrete at. tine 
of Idadii^ has. amok effect on. creep for: Hie'different kinds of 
cements, normal fortland, rapid haidenini .Portland, and alimanuus.* 
CieamXle pointed out Hat- .there ,is a ccvipsratively large preltomiy 
jBoroneni dependant on.the age at leading toing.to first Bontk or ■ 
so |. followed ty .^secpent w m m ®his. .depihding- only on tlie- age of ■ 
concrete*. ■ 11b.creep cf concrete for mter storage^^ is in the ■;. 
reverse order of tlie repldity of Imrdaiiing* ccEsnt ' .
concrete stem a larger creep 'ton sirlntainad insist than vtien dry, 
iMla mtBjal -.icptlaM cesneait concrete shows the reverse, to water- 
cement ratio® has .maeh influence on. the aiaount of creerpj the 
Mgtarto watci>cament ratio, the M t o r  t o  creep. .. Bssults are
concrete 2 tlie mter^cement ratios used, varying fro m  G»7 to 0*9 W
w e ig trt*. ■
fss 6X 62
teris* f . 1ms carried out. e^ &ensive tests on plain 
norrnal Portland cerent concrete cylinders tlioroi#^
Investigated, practically every factor tot affects, . t o  How of a ■ 
concrete In.cQspreBBion*. .Be concluded .the following observationss«
X* ; XLa© leaner to trdat*. t o ' grater .the How*
2# SSse. greater the mtex^casent .ratio for tlie : ■ 
; W  iBiXf tlie greater tlie flow* .
3* . . The letter 51*'tied the aggregate*' i*e«, tlie ' 
lazier to fineness imMus* end to.ldwer to
4*,.....- flic rrngaitude of. to ..How is appreciably
• "■' affected ty to character of to aggregate* ■: 
sind is increased, in to order of limestone*
, cpstrt% ginnit%. gratel|lasaltf sandstone*'
{mg. 3 6)
5*., , The How -of .concrete stored in air Is ■-
xmtexially greater than, the ilov/ of concrete 
. stored in water* and . t o  lower tlie hun&dlty • 
...of. to' -sir*, to. greater is tlie How*-, Tima 
flow. curve for nearly to years is given in 
■ ■. Mg*.,37-for.each of four.different .storage 
, conditions.* a ... .. ..... 1
6* ’- . The ratio of .flow during, to first'few weeics
- under load is mesh greater for ..concrete 
. . . loaded at earlier ages ton for . concrete - 
,;. loaded at later ages* itnle to.'rate -of 
. flow after a year or so under load is - 
practically independent of to age at tin©
. . . .  of loading* , _
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?. -differ^ce tlis IXows of ■’■
. concrete' leaded at"''Various ages is®re 
:. iibi1 od fo- t the higher sustained stresses ■ 
tli n for the lower stresses# Mg* 3 8 - ;
■ . gives tlie revolts of teats on concrete 
loaded at ages, of f  days,. 28 days and 3 
®nthe* and stressed to 300*- 600 and 90Q 
lbs* per' sq* in* for rtater. stors^^ 600 and 
■ . fOO-lbs* per- so* .in*. fDr .dry.,ito»^*
■ B* .- ilia flow, appears to be relatively greater '
.: ■ in proportion- to tlie intensity of stress
., at the higher stresses ttai at lower 
.' :. . stresses* Tale is more particularly 
evident in the wet-stored concrete than 
. . to .dry., storage*. . Itseems .reasonableto .
expect that tlie sastMneci stress-flow 
. . ratio mil tend to- beecr n almost constant ,
. ■ within range of ioridng stresses as the '.
age is increased*. Mgs* 39 and 40 give 
' result a. on concrete cyl inders loaded at 28 
days under stresses varying from 300 to 
200-lbs* per sq* in* for mter and dxy 
storage conditions*
9 * Hie gradation, of the aggregate apprecial&y 
affects the U r n * concrete consisting- of 
aggregate of. coarser grsdrfion habits greater 
flow. 3ftg* .41. stem the--flow and ehsix&age 
. of concrete of-different gradations of 
. coarse aggregate store4,.in elf at 100 per : •
• I cent relative ta&dlty#
1 0# .a Hie ropgnitude of flow fa affected by the- else 
.of the mss#..- it was.found that tlie larger 
... .the w a rn * the; less the flow*.' Mg* 42 gives 
, results, of testa on flinders- 6%  8?f and 1 0* 
in diameter all mbjacted to the sorb intensity* 
- .- of stress* . , ".
.. : the factors affecting the flow of concrete in -
concession have been thoroughly investigated* and all- this 
valuable iri'canafioii is .available, it is suiprising that moh very
104.
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F i g .  4 1  ----------- E f f e c t  o f  C o a r s e  A g g r e g a t e
u p o n  F l o w  a n o  E x p a n s i o n .
B y R. E. DAVIS. A. S. T. M. vi.34.
.little ia .tooim 3?e^a?dii3g:,.tl3e..edrj^ct of these factors on the flow 
of. concrete. in tension*' .■
: . ..Xn.:l§37.- feadtts of .teste, tw  H. 1 * were puMifed :
on flow of concrete in tension* . fig* .43 shows the results of flow 
of pom^l fox-tlancl cement concrete in. tension and cQDSpreseion loaded 
at f  and 28 days in air of ..$}. per cent relative humidity at 70° f*
/*v
Specimens were 6f# cylinders enred in , fog at .70 f* until tested* 
T im m  results imt tlie -rata .of .How in tension for a period ©f 
two er.tteoc ^ c\s after loading i*aa■.greater ten. the rate of flow 
in corfjreasion*, after a:,IW westes under load,; the rate of
tensile flow u s  considemtly less ten.te rate of, coir^ ressite flow* 
IMs points to tlie possibility tliat the co&pressive flow nay in time 
etpal or eioseed fliat in tension*.
. Baring ^  course of te, .sater^s tests, a popes^* was 
pablisteeci by te' Biildii^  Station," giving m m & tn of tests
on. flow of mpl.d iiardenirig jortland ©ament concrete in coiipression • 
.and. tension {shorn in M g *  M ) * ■ ■. ,^ lte specimens m m  
1 71’ long, the. central portion, for a .length of 8I? being cylindrical 
©f y*- diameter*. .-It,was concluded that.ter© Is little difference ■■ 
between .tlie irslues of creep for tensile and compressive stresses, 
and for practical purposes they can be - considered .of m m ., magnitude*
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M o n t h s  f r o m  L o a d i n g .
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AGE AT LOADING - I MONTH.
oooo SPECIMEN in  TENSION
. . . .  SPEC. IN COMPRESSION
R g .4 4 . —  C r e e p  o f  C o n c r e t e  in C o m p re s s io n  
an d  T e n s io n  —  b u i l d i n g  r e s e a r c h ,  t e c h n ic a l
PAPER No. 21 PAGE 6 .
I l l  r
. i l i s t v
T m  tests made V  the author cover a stuc^ r of the effect 
of tbe. following factors m  the ilow of concrete in tension**
1*, , jge at. time of loading*
Itignitude of stress.
3* Biahness- of Ms.
■..4* ratio*
5* ■ Condition of storage*
. 6* ; of cement*
7* ■ O m k M m . of the aggregate* .
In tlie preoent lrBrestlgatiQn It 1ms only teen 1303811)16 
to test a limited number of specimens owing: to tlie available 
aecoimndation*. pefer gives the results of tests -on tm  
loaded specimens, ten unloaded specimens need as control for 
iiwonarit due to causes other than stress, and also 
ten unloaded specimens upon ^ bich periodic aeasurenmnts of tlie 
'modulus of elasticity are loads*
■ Xt.ms decided that 'rather than establish the- result - 
tgr repetition,.: it m o ld  be preferable- to teestig&te several 
factors with a lower degree o f aeo^ r&cy* imrtiailarly as eseaet 
figures could never toe, ejected due to tm p m :ature and humidity 
variations! the results obtained cannot* therefore, be taken to
represent to. “be.present to all actual structures.
tk £ m § io«tf ■ the tests lustre. gi?en. consistent. results# to most oases 
obviously to agreement with. each other*-
" B B S  S.. E I -I.I I 0 I 0 B 1  E l  . S I I 1 E 1 I I  I I S,
. O l a  I I  BIB*
..Ifhe loaded and mlo&ded specimens were of the stops shown 
i n  fig, 4*5, of oioss sections!. area of 4* tpto and long* flie-
loaded specimen lias ®». increase. in seotion. at toth ends to provide . 
sufficient room for placing tolts-. for'loading as shorn to Big* 49* 
flie unloaded specimens used fox* periodic rmsurements of'modulus of 
elasticity are of the stops and dimensions .stowi in Hg* 1 2# page 31#
; M A t  K E.I A ES, .
. ftenes tollast? cxuefc&I*. washed, and graded from to -§** 
m s  used# so tint the size of the aggregate tore a similar relation 
to that of. the- specimens tested#, as tmdLd normal coarse aggregate to 
sections in practice# the. wei#it of the aggregate, itdch was - 
measured ftet dry end. well dbmtem. down# m s. fO-lhs*. per .cubic foot* 
IteBs Valley sand of fineness mo-dhliis .2 *91 and of weight 100-lhs*
HG. 45.
Im t cubic .foot »  used*: Both a^egsies were desiccated before ■ 
/used '.so-.- that the iidbsihg water .could 'fee tnirautely controlled* ' fhi '■ 
fixture t-bx-pu^ ut in .the ratio of two part© of coarse to one 
:part of'fine aggregate ftrf imime)# ■
pr . vpv; .■■. ;f!ie. cements used m m  rapid *bardordBg ibrtdaad :.■
-,; m ?m % . ^ Ssmorete^ and m & A  Portland cement *Blue Circle”# Th® . ■ 
rapid h a rd e n in g Portland cement lias been used for the uBjoritj of - 
: ..the■■..teste fn,l2xis m $ k  for its'ooiisistaio^ # 1 ■ Has tensile strengtlis . 
of these' c&raentsr and.' of lij rortsr ■ of standard itiit©"' ■
l^igrtOB ^ Bas^rd sand for storage onder mter after one da$r in Mr* ■ ■ 
•afe-giten below# - .$lie rdodng.mter.for..mat e m m t briquettes is 
tster* - as • 2$. per cent of r eight of ea» t 1 or rapid hardening Portland 
:c®nfi; and 2^  per cent for mnrial Xbrtlsnd carent*.' . 
v, -;,v;., • -r file percentage of watep used for mortar, feri^et tea m s  ■
t  ensile
ogtli
«
\
i
Ibs./sq.in* lbs./ so* in.f^' of Cenent:#
1,-.P^ S ':,''.3Pa3rci ; Jfcya
Bspid iBrdeiing Portland cement* 6 . 353 487
SsaaaJ. Jor&snd C®«n*>»' 5%  848 2 7 8 3 5 8
taIzm . as(one*fourtfo the. percentage of rnter need for neat eanent 
briquettes -f 2*93.) of the total, of eeioent and ssrnd*.
■■/■ ' .' M f X 1 .I0* . .
■;.... irfjKiasiig:._tssms' clone by toad m  a. My sheet of steel*.
Saeh batch of concrete im $ sufficient to Mice one loaded speciaien# 
one: unloaded. specter*. %m tension opeotene#-. one j** cylinder end 
tv?o 4<f cubes* fbe. mter eaaeHt^mtlo. In. these tests ms based on
the total cinoimt added to each batch rdthout acyustent being irada
for absorption iy the aggregates. .
.., a  .0 tf & 3> 1 M Q  0 1  X IfBl*
. Xhe concrete mis placed in the rioulds in three lexers* 
each layer being rodded -with- •§** steel ..rod 1 5** long* billet*gt^ped 
on the end# $nd the top surface of the concrete m s  struck' and
~ snooted Mfh a tro.ml*
O B I I I O *
bnless ottersd-se stated the speetem were closed to 
te M r  in te .laboratory after ranaining two days in iBDulds
cohered with TOt.aaesk®*. ■ fhe .sides of the moulds were removed 
after £4-tours,- tese specimens oared wet m m , pit directly 
in  water after; raseval femmoMds, ... t fee taperMure and 
humidity of the air in the airing laboratory wore recorded.
I I S !  IIS. A l l  A i l  f II E*
;. She general layout of the apparatus used, is tewn in 
Pigs, 45 and 4 6. ® b  ujd.O'Me.d,BpeoiiEeais used aa control for ■ 
elirdn&ting movement due to-, causes eihar than- stresses and tbs ' 
loaded specimens ©re tern in these litres, '
M I A  B H E I M  6 ' I I S I E 0 I B I ! #
l&c&pt- for the elastic tests ©11, changes In length . 
Imre, been measured on. 36* .gauge with a portable dial shown, in. 
fig* 47* 3Me instiuraent was designed by Mr* ¥, 0 *. Davies, Head 
o f lhginc^ing.l)^artasmt. o f fniytedbnic. It consists
of a dial , (reading to .001 of an inch) mounted on a lower of Is5 
iso that the- instrument is graduated to 0.QQ02?? and can be read to 
one*tenth inch division, I.e. 0.00002°. the .readings are on 36* 
gauge, so that .actually the instrussmt-: reads, to, .00 0 0 0 5 5 of an inch 
per inch, and can he estimated to about 0 ,000001 in, per inch*


119*
' M S k B n  Eii.0 A l l A f i A !  U S #. .
' ■ J?gr each loaded and unloaded epecten observations of 
movements iBfa been m&de .on. apposite sides of the specimen*. ' fvso
brass w m kn. ere fixed at. top nod hot tom of ■ these sides, with 36* 
g a ig e  length to ia s d la te l^  a f te r . r c in o ? ir ^
A scp^ re .hmciBt :|Sg* 48} consisting of by g» square
steel frame is .fixed ;on these brasses at. top end bottom*, the top 
b£BGk$t Is provided :mt& three adjustable brass screws on each, side 
forming .'a. triangLe* In, the middle of .iMdii there is. a tele of 
triangular-.shape* ..,,'Xhs .bottom bracket is of the same shape.as the, 
top one* but provided with one adjustable brass screw placed 
accurately on the centre: line of the irianster hole of the top 
bracket, A steeSt Srat .|fl In diameter wspped with, cotton m o l la 
mounted on each side- of. the %eoimen ty a .spring, fted to the 
bottom teiclcet and mounted on the top, of tha, adjustable sere® of 
the bottom bracket which i n  ten passes. through the hole in the 
top bracket.,... fke steel .bar is- provided w ith - a,pointed brass end ■ 
$& the bottom* .and a m ® l% brass, cylinder of sufficient diameter 
just to pass through the holes.in the top bracket end just touching 
two sides of the. triangular hole#.. fhis prorides .free movement of 
the steel ter inside the triangular-hole. ..the apparatus is dearly 
shorn .In Xigs®4f and Jb*
13
*
F ig u r e .4 8 .   D e ta i ls  o f  M e a s u r i n g  A p p a r a t u s
5521554
3/^ & car's ■ ■
VSraf p^d w ill) w  >«t.
STANDARD SPECIMENLoad.
Figure. 4 9LOADED SPECIMEN

After .the brackets. have teen fixed on. the specimen and 
the brass screws adjusted for obtaining the. sero readingst the 
difference in movements between the concrete and the cotton 
irrspped steel. rod. can, be recorded merely iy mounting, the measuring 
instrument , on the brass 'screws* as shown to.Jlg*: 53u : 11b difference 
to readings between the steel .and canorete can be. ■ attributed to 
m rm m A  due . to. causes other, toon fcsipemture m rm m % §  '%*&% -■ 
sbrlnte^ iiw^ents for the uiioaded. .^ectoen and shrinkage* elastic 
and c re e p lavements tor the loaded specimen*
/I though it is considered, that Hie thsxmal eo-efficient 
of scansion of concrete and. steel,.Is the Bmm9 our object tm m  Is. 
to measure fha. difference between ilia loaded and .
unloaded specimen* and not the d h x $ r i k & g & .."Ikrfegver tha 
BBt©3cia3L ft m  viilbh. these rod© are imde* and whatever the tlieimBi 
no-efficient of expansion is* ..the- flow of concrete results can never 
be altered* provided that ell. the rods .are of the. same raaterial end 
of the earns ' dissension©*- ■
It: is very tofcereating to note tha&.ly means of this 
apparatus if m s  possible to fast loaded .and unloaded specimens under
124*
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• As it i ©always stated that for creep tests specimens 
m is t Ids . cured at’ a constant relative ImMdiiy and, ta^exafure, m  
Eiiempt « a  mad© at first to' destfpx loading apparatus* ;. A simple 
lever*- in m s  used for applying point load, at the
centra line of the g|?eclme% m  shorn in Jlig*- .4§> and great care ' , 
m o  talcen In. fixing these point loads at tbs centre of the specimen* 
it illl" be .observed tbat tbs elastic mavaocnt -m  both sides 
due to applying ;the load are not of .same magnitude* it must also be 
boxne in mind. that concrete is not .a tangeneous rBterial.as indicated 
later# .
- As it m s found that the ilowfte curve of the first
test m s  very satisfdcto^ it m s  necessary, to design an economic 
apparatus for loading m m  speolmens* Hie apparatus used for loading 
is shown in.Mg*54*.. v:.fbe load ms applied iy means of a spring throu^i 
a screw in the. centre line of the bottom steel plat© of the specimen. 
Ibe load m i  recorded by a fixed scale and .a vernier attached to the 
spring as predetermined by calibration* and which was designed to 
carry 000-lbs. (fig. 5 5)* fixe error arising, from teiperoture ■ 
.c&pqges and, shrinkage*. elastic- and plastic Excrements of concrete on 
the extension of the spring was relatively snail as the spring ms.
c r m  er»
F i g u r e . 5 4 . —  A pparatus for  L o a d in g  S p e c im e n
in T e n s i o n .

130.
designed to give a w m rw tA  of I®  under 4#000*rbs*
t o  sas!0 epparsto m &  used for loading- specimens cured ■ 
in i®ier*. m  t o m  in Mg* gS* . 32b gpeciixm i a  placed,in a* *tejaac' 
of 12#'Maoagter. directly after removing from smt&ds and after fisdng - i 
the point Mai to the specimen* t o  "Bottom of the tank m s  provided - 
w ith  two holes for- the tot tom holts of. the speciinen*' ■ Butor m sdm rB  
and BtaoL plates m m  pmtid&d tooth inside and outside the tank to 
prerent leakage* .to appmfcus is clearly t o m  In Mgs* 56 and J?. ■
hg;. 11.f 10 $ S; ;■ tl. I l I l l S A f  1 I G
S . E . E J .  M K  A - . C f  B * '
.Headings were token at b o th sides of the loaded and 
unloaded:, ^ peoimefcs and Hie m m . of to. feaMngs at tbs sides is 
taken as the-difference in rioraneBts hetwsen. the -concrete, ©rd. to 
.steed rods* ■ tose readings'are recorded in Appendix ho *VI I * The 
jsOTaiBnt cte to loading .(1*a*,.elastlcrand-flow) is obtained ty 
deducting th e reading .of the unloaded speoiffien from that of the '• 
loaded speeton*' .
.: Jf is rather ..interesting to note, tot the movement due
to ato spheric .changes',o& b o th  sides of the specimen is not of to - 
m m  imlm * Host of . t o  speetons towd greater tofnkage at
to top susjsca than at. to hot tom# as e m  be. o b se rve d  in  to' taU.es 
given in appendix Bo#. .1X1* These readings wore not taken actually ' •
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at &m. bottom and top mrfaee tot at I f 1*, from these m r f & c e s *  
fig* 58' feme fefeeen shrinkage at top- and- tottom* surfaces
of ^efeens of dffforent-tto and of different types of ooiimt, 
fefeeciuent to- Rusting. the .errors. In readings arising 'from, 
measuring moTOiienis at distances fxim the surfaces.. the ratio 
fefeeen i!m feifetag©' at top: and totlo% fewer, imried from one 
specimen to aiiotfert ancl m s  about 1*4 to 1*
. H.. mtfo totmen six rnntfe and
one year, as ls2 *9 fox fexge else aggregates,. 1*1.6 for nsall fee 
aggrepfea*. and for the aortar feaps 1*1 .i* ; ■ he pointed out that the 
differences are due to the fact that concrete is not, a femogeneous ■' 
mateilad, the top layer, being of a. rich mix and the bottom layer of ■ 
lean misc* '
' this property emphasise© the - difficulties of investigating, 
the subject of flow of concrete m  1mm tests*. ...Oscar pointed
out that, for concrete ferns equally .reifereed at top and bottom the 
■slirir&age wotaldfe resisted equally ty steel- at top and bottom 
infecting the. fact that the. fefeisage at-top and bottom layers are 
not of the same magnitude.*
'., Hie property of uneven feinkage at top and bottom layers 
w b  giy m  m?M consideration*- - A rcn#i.'att^t has fefem&fe to find 
the cause of ifesa differences*
.. of $■* thickness were taken ifern the top and others
of same thickness 'were taken fx v m  the bottom .irniedi.ately after casting
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directly .put in an m m  at ICO0 0 * for ten tars and It m &  found 
that the ?ater content at. the top layer la much. higher than that at 
the hottm  layer* Other sanplcs mre directly mshed in Id* 60 
Bierea until. it t w , certain. that, the cement m s  absolutely mshed 
out* liter determining the' water content in both gm©l and Band 
the emvm.% of sand that .passed- through the.Ho* 60 slay© during mshii^ 
and after determining the .proportion of sand- and grayed, if was found, 
that the cment. aggregate .ratio la Mgkar at th© top layer than at 
the bottom layer* lor details of these experiments see Appendis 
BO* ?* .;....,.a . .
. It is not quite sufficient to etait alone, that the top 
layer- is of a richer mix than that of ..the bottom layer* and 
consequently the- dhrirfcage- at top. Is relatively iguoli higher than 
that at the bottom, fl-ie mter-content mast also be detezsrlned as 
it m s  stated that, a rich, m ix of leas mter»content shrinks less 
than a lean mixof greater water intent*
IM ,A  S f. 1 0
As already mentioned* tlie  movements due to loading were ■: 
obtained by deducting the readings o f the unloaded specimen from :
those o f tlie. loaded specimen* these differences represent the 
e las tic  moremmb, tlie  p las tic  movement during loading* and tlie  
flow  a t various-intervals of: sustained stress* The How* or tlie  -
creep* clue to sustained load is  the difference batmen the to ta l -
movement due to  loading and the elastic, movement* the flow * time 
values (o r tlie  creep-tiHB T&lueB). are. affected e n tire ly  by the 
metbod o f obtaining %be e la s tic  m om ent*
- Ihe elastic mov©uenta were p e rio d ica lly  determined for 
each creep test on. tension specimens of' the same shape as. used 
in fee teats reported in. Chapter II. The measureasents of strain 
were made with a $**■ gauge length mirror exctensiometer^  (shown i n  
'Mg* 5 9) designed by M u ?* C*. Xtevies*- Soad of the- Biginaering 
Department of Battersea pc&ytechnic* . These tests were' carried' 
out in a Itieile Testing STichina* for which holders -to engage: the 
heads o f the: tension specimen were made. ' The whole arrangement 
for obtaining the readings on the tension specimen is shown in 
Ilg* 60*. Tlie same extensioiiBter m ® . used to determine the moMts 
of elasticity in compression on a. 3r‘ diameter concrete cylinder 
8* long' (Mg* 61)*: ;The load on th© specimen .was applied in 
Increments. of ©quarter of a ton every two. minutes* the time taken .
136.


in 8ppXying: each increment of the load 'b e in g nearly 60 seconds.
. i&thaugh the majority of the epectens were loaded only 
to a mandate tensile stress- of XJG-Ibs. per &q. in. at a rciniiixim 
age of 21 days, a. consideraMe plastic hotement.'ms noted, and the 
etrass-strain line for to first loading, m s  not of tbs m m  tope '. 
as that Of the stress-strain lino. One.to unloading* Hie stress*. a : 
strain, lines, due to .loading and unloading egression, ipeeiiiieas 
tested, to a stress of 300-lhs. per $q* in. were of m m  slope ■ 
m m  at earlier ages than 21 days. It will, he noted that attough 
the tensile stress m s  lower th e n Hie compressive stress, the 
tensile stress was'nearly 5& per cart of to ulfteto tensile 
. strength, and to ■ coEpresBiire stress was less Uteri 10 per cent 
of Hie ultimata compressive strength.
■. ■ ■ fha stress strain relation for Bapid Jrrdening Portland . 
cement concrete of lilfijl ilx (hgr volmne) and of *54 mter-cement 
.ratio for air and water curing are given in ligs. fi2 and 63* t o  
specimens were 21 days old and tested to a,tensile stress, of l50~lbs. 
per sq. in. -..to readings and metod of platting to remits for 
fig. 62 are .given in Jppendix BO. 6.
. . An a result of to maxtosd plastic m rn m n % under -such a 
tensile stress and during such a tort period of time under test, ■
It m s  decided to load,and unload to n p sn ixm m  several times ■ 
until to plastic m rm & n t considerably chlmihitod, and to 
concrete became elastic, t o  remits obtained from a test m
73
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a topical specimen loaded and unleaded severs! times a m  shorn in' 
I%* 64*. : Tkm modulus of elasticilyobtained after frequent loading 
and unloading the specimen was nearly of the Bmm value m  that 
obtained lim the stress* stain relation 
specimen which had been loaded once only. .
iDue to the feet tha t concrete-is not a 
material^  and as a result of these tests $ it m s  found satisfactory-' 
to obtain ite  .modulus of elasticity f t r n  the stress strain curve : 
hf mdasdingsta specimen after being loaded once only*
■ fable Bo* X ..gives tlia 'modulus of elasticity of nonsai- : 
Portland cement concrete of ltl§«3§' (% volume) of *54 mter*eement: 
ratio {by weight), and of aggregate graded to f# for water and air 
curing for different ages* The specimens were subjected to- a , 
tensile stress of IJfo-lbs* per sq» in*- • Inch value is %he average 
of three tests made on .different specimens .cast on different dates* 
the value of the inodialus of elasticity of -rapid hardening, Portland 
earent concrete' at different ages and .for each, test' is given in - 
M ^ r n m x m , m * '
the anount of plastic irmmomt or creep daring loading 
m i  relatively ’smaH for specimens loaded at later ages than, tha t 
of specimens loaded at earlier aps* Mfchdugh the concrete 
showed an elastic property directly after it had been subjected 
to  several times of loading, a marked creep m s  noted liien. i t  was 
reloaded at later ages, bit this creep was; of relatively less value*
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M  Interesting point is brought .to light ty loading some 
.specimens to a tonsils stress of 150~lhs. per sq* in* unloading^  
and then reloading to the ultim ate  tensile strengthf. the stress* 
strain, curve obtained i$r reloading m s  steeper than- that of the ■ 
m m -  obtained by the first loading* but this m s  only noticeable ■ 
up to the stress reached at f i rst loading: beyond tMcli the curve • 
continued at almost the ssm® slope as that of the first curve* 
fhis indicates that, the .'concrete becar-e an Clastic material only 
to the. extent at liiieh Hie stress m i  luadhed, after v M d i the 
concrete shomd m  elastic and, plastic m v rn m n t* . M g * 6 5 elm’s 
the stress strain chagrsm obtained f  mm a typical spedmm of 
normal Portland cement concrete Of iilf sjl I by relume) of *5 4  
mtemcanenti .satio :..(ty teste d at three r/ionths old* cured
and tested dry* ■ Ihe speeiman. m s  loaded to a stress of l^ X-lbs* 
per sq* in* * unloaded, and, reloaded until the ultimate strength m s  
readied*’.
- the -jsethpd -of obtaining the creep tome' by deducting the 
elastic Eownent of the unloaded specten fiom the total rnorerent 
of the loaded specimen clue to load only* Is based on the assumption 
that the isotous of elasticity o f the loaded and that' of the 
unloaded specimen are of the- same value* ’ . Baris carried out tests 
on the effect o f -sustained ccrpressire stress, upon the riotous of : 
elasticity! the results o f  these tests are . shorn In  fig.. 66*
Half ■ o f  the speetem m m  under a sustained eoiapresBive stress
Ni ‘OS d 3d *S9T SS3dLS 3"liSN3l
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Fig.6 6 —  E ffect  o f  F low  U p o n  M o d u l u s  o f  
E lasticity b y  R. E. D avis  &  H. E. D a v is  am. con.
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unloaded and maintained under corresponding conditions. At the 
ages of $ and 12 months, specimens from each of' the two groups were 
tested after- the sustained load lad been released*: It m s  noted
from Jig* 66 that the effect: of a retained load is to increase tlie 
Talus of the modulus of elasticity' for air'and, dry curing, and tlie ' 
lon^r tlie period of sustained load, the greater is tlie increase* -:
. fbit effect, is mors marked for the, lean isdx.fhan for the 
t i t h M x * . . .
. Aa'a. result, of. this effect Hie creep values obtained by 
deducting the elastic irm m m it of the unloaded specimen from tbs 
total moveoBnt of the. loaded specimen to to loading'only! are 
di^itly less theft the-.actual values.
BIB. lllfS Of f I S f  S OI f l O H  Cf 
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. Hie date and instrument readings for each, test are 
presented in Appendix Ho* ¥11. fig. 67 d w  the whole results . 
in general, time shrii'fege, time elastic and flow curves having 
been drawn for each test, the abscissa, of curves of bo tlx 
dnlrikage and movement due to loading, represent the time interval 
in days from days of oaoting the spectens* . fha ordinates of
r  L - W Y Y  U f  I C_ U I N U C . R
S p e c im e n s  N o s .  C.7, C.9. & R.C.2. C u r e d  
in W a te r , R e m a i n d e r  C u r e d  in A i r .
unloadec
c o n c r i
LOADlnq. WATER
S
TR
A
IN
DED SPECIMEN
LOADED SPECIMEN.
DAYS
UNLOADED SPECIM
LOADED SPEC.
^ _ _
CONCRETE
R >
WATER — Cf
the EihriJtags curves represent t te  t©aa. value o f the movements on  
"both aides o f tlie  specimen determined ty tlie in s b m m e n t readings. 
vMoti are tlie difference in m o f& m n to lie tween tbs. concrete and the 
cotton mrappad steel rod* .; ft© ordinate® of th© ©train curves 
represent the n m m m t & m  to loading;, elastic movement and .
How under the action of ©ustaii©d,load.>. m  detenrinsd ty 
deducting tlm exvefsent of the unloaded s}©eiman fro m  tlmt of the 
loaded specimen* . The tests on these, specinMs- were, commenced at" 
the age indicated o n each curve, m  that the observed ©hrirfege 
movements do not include those due to shrinkage for tha t period 
before date of testing, The temperature, taiidity and. time at 
testing- are recorded irr fig* 67, and ..also in Appendix Wo, ¥11 for 
cadi specimen* .. IMs- figure is considered mainly as a general. 
layout of.id© tests* while the- How-time curve .for each test and 
under each condition is given.in Mgs* 70 to 77 inclusive*
■ On studying fig* 'if f- , it .will be ..noted .from.: the ©train 
M m  curve® that the-movsmients due to loading axe most rapid 
im m & i& i& L y after the load is applied*, and gratelty decrease with 
til© depending' on the. several conditions of each test* . This , 
property the same .as .that o f. concrete under compression*
.It.is very interasting to note tlmt the effect of 
humidity variation la the same on .both th®. loaded and unloaded 
speoismns,. Has also ms notedby the Building Kesearch Station^
15&«
(as i& m m  in fig*. 6 8). and although. these spectern m m  cured at m
constant temperature end hinddity, it m e  stated that the control .
of iiuiiiiditj was not sufficiently close' to reduce th e rsagnitude of
t h e  ^ i e t u r e ^ T e m e n t  t a f i a t i o m *  •;
.fig*' 69 gives eorparison of 'Results of author’s teste
and Building, Bssearch Station’s tests on flow of concrete in
tension*. She curve lowing tlie resets, of .the .Building- Besearch. ■
Station, is plotted from. the difference in movement b Between' tlie
unloaded and loaded specixnena in tension (given in fig# 6 8) which ;
m m  Bolt)iB*sli%ed# tlie central .portion Being cylindrical of 3”
diaaeter. th e  difference in values obtained ty the Building
.Kesaareli Station and those obtained ty tlie author is due to the ■
difference in size of aggregate* the difference in step test*
the difference in sizes of spec-tons and taoidity variations* ■
As previously stated# all creep tests' that have m e n carried out
ty the author .are. on speciima 4f W  4® ty 5frw* 2he effect "of
these factors on, creep in egression 1ms Been tlioroughly :
investigated By E* B* Bevis* as mentioned in the. Billiogrspl^ #
The plotted temperature and teiclity records are: •
'eKceedin^y interesting* . It will Be noticed that tlie- higher the
*
humidity* the less is tlie movement due to loading- for m m tfL .
Portland e m m t concrete* virile the reverse is. noticed on th e  
rapid hardening Portland e m m t concrete (i*e*f the M#ier Hie
IN  3D U3d 1N3W3AOW 1 *1 0 1
C o m p a r i s o n  B etween B u il d j n g R esearch 
a n d  the  A u t h o r ’ s T e s t s .
b . R .s. °
RAPID HARDENING PORTLAND CEMENT. i'l^3 CONCRETE BY WT. 
HAM RIVER AGGREGATE 3/4 INCH.
WATER —  CEMENT RATIO .51 BY WT. SLUMP = I?  IN. 
APPLIED STRESS 150 LBS. PER SQ. IN. AT 28 DAYS.
CURED IN AIR.
tonidity the Mgher tlie flow* ’ 2Ms property fee been observed also 
m  f lo w  tests for afr and water coring for both Mnds of e m m tn *
' The results of ail tests given i n  creep* time curves in all 
figures are. reduced for convenience of ccanpaxlsan to a stress of 
l*lb.. per sq* in*, per unit length* V
A a s ' ' A .f f  1 1 1 - '  0 >  L 0 A l i i  0,
In fig, 70 are plotted, results of testsJSds* C»3> C,4, . 
and 0,2# loaded -at 21 days* J- ^  6 months re^>eetimLy under 
sustained tensile stress of XSf^ lbs. per sq, in* on rapid Jmrderirg 
portl£«nd eaiisnf concrete I|2t4 six {ty Volume) cured in air, lha 
ages chosen by the author; have been on the practical side# and 
although it is the usual eastern to test rapid hardening Portland 
eesmt concrete, at earlier ages# it is iirpossilie to erect a-' 
structure for storage, of liquids in reinforced concrete provided 
with all mter isaim .and the neeessagy drainage in less than 
21 days,
It id.ll be noted, that the age at loading has an 
important influence upon tlie flow for.a period of over a month 
from time of loading# while the ilow during the following periods . 
is practically tlie same for all' specimens# and depends oHj on ' 
the age of the. concrete* " Hie greater the age at time of loading#'
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the leas tlie flow. . This property of How i n  tension is practically 
ttoa smm th a t  i n  v a ttp m m im * - M v  eonp&rlson fig* JX gives 
results of authors teats in. tension and..Biildi^  Besearfi, Station*^ ' 
tests in compression m  rapid imrdeidng Portland cesent concrete 
I«2* 4 m ix (Xy wet^ it}* 2H slump* loaded at 7* 14* and 28 days* and ■ '
3 months, cured in air at a constant temperature of 20° 0* and constant 
relative tadciity of & $ per cent* . file ^ eurres* m  plotted* do not 
all start from z e m  creep tut from such a value that the final 
portions of the curves are ell coincident.
I i 0 I  IIIIHI" 0 f I I B 1 S S»-
,. ., ITnfortuttjatety* ae concrete has a very low tensile strength*
■' it is Impossible to detenmna tlie mgr&tude of stress, m  flow of 
.concrete, i n  tension* hiit. it is rather interesting to note that the 
nigritude of flow of .test It)*, 0 * .,3-* t^iich .ms. loaded at 21 days 
old. under ‘sustained*-tensile stress- of 125 per so* in* 9 was 24.5 x  
101® per unit length per lo* per sq. in*...taring 160 days (fig* ?Q) 
whilst that of. BO*;0 , 5t' loaded at the same, age and of m m  mix, 
and under sugta&o&d tensile stress, of .lJfcltaB*. per,, m * i*w was 22 x
p
10*3 per unit length per X£>| per sq* in.; during the m m  period of ■ 
loading (fig*.' 72). ..Actually, test, Bo* 0. 5 was for the purposes 
of .deteminiiig tlie effect of teperaturs and relative toidity
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c o n c r e t e  in  c o m p r e s s io n .
AGE OF CONCRETE IN MONTHS
AUTHORS TESTS
Fig. 71 —  C o m p a r is o n  Between B u i l d i n g  R e s e a rc h  
S t a t io n s  T e s ts  in C o m r e s s io n  an d  the A u th o r 's
Tests in  Tension.
RAPID HARDENING P. CEMENT.
CONCRETE MIX 1=2=4 BY 
WT.—  2 IN. SLUMP.
1. LOADED AT 7 DaYS.
2. .. .. 14
3. " *• 2 8 "
4- » 3 MONTHS.
BUILDING RESEARCH. TECHNICAL PAPER No. 12 PAGE 14.
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B S
AGE OF CONCRETE IN M O N T H S .
RaPiD h a rd e n in g  p. CEMENT. 
CONCRETE MiX \'2'A BY 
VOL. i/2 iN. SLUMP.
1. LOADED AT 21 DaYS .
2. 3 MONTHS.
3. * /. 6 *

variations on the accuracy of the. eorsparison of .flow, reacts for 
different conditions* (tenerslly speaking, .the specimen loaded 
.at 1S5*X1)3. per. sq*. in* .he. under stress more, or less than 
this fslue#; clue to asmall amount of eccentricity, and. to the' 
fact that: concrete is not a homogeneous material*
E 1 .0 H U I S  0 1  , 1 I X
.. ' . fig* 72 f& m m the creep time curve for tests Ho* 0* J ,.
and 0* 6, Appe^iix ?IX* . Hie specimens -were loaded at 2k days old 
under sustained tensile stress of IJtHlhe* per $q* In* end of 
rapid hardening Portland carent concrete of 1:2*4 B'lx (by volume) 
for test Ho* C* 5  end IslfiJi (by volume) for test Ho* 0* 6*, the 
mix which is recajirended by the. institution of Civil ITsgineers 
in the l?0ode of Practice for .the Design and Construction of ■ ■ 
Beinforced Concrete Structures for the Storage, of liquids*'11'
Hie mter-cement ratio- w m  *^ S (iy weight) for the lean m ix and 
*54 (by weight) for the rich. Mx*-. iMch gave the same workability 
for both mixes.. (i1* slump test*} The 1 :2 $ 4  m ix gave flow value
■ 0
of 22 x 10^ per .unit length- per lb* per ecu, in* during a period, of 
.1 6 0 days-under sustained, load.,, vfaile the m ix a value
. . . . If Mil. he noted that the leaner the mix, the greater is
the .flow*, Ibis property Is Very, mrked at. the earlier .days, from 
loading than: at the 1st ter days* >
.Bo attempt has been .made to carry out tests on a mix of 
1*1 j2 or Ii3 |6  Midh mm he put to m  proetie&L use In construction 
of the. type structures under, consideration* .
I f  EillOf.
- ptig* 7 3 tows the croep*time ■ curve for tests Bos* 0 * 1. . 
end 0 . 5 (appendix fill* Hi# specSxa&m were loaded at 21 days old, 
So* 0* 1 under sustained tensile’■ stress of XQO-lbs* per scj* in* arid ; 
'ho. 0 #' J under. sustained tensile stress of X$D~lhs* y>er aq* in*
She conorete.'ms; Xi2s.4Mx (her' rotoiej 'of rapid hartoing' Portland 
. carat* the' miesvearat ratios were and *>3 fly weight) for 
S 3* 0* 1 and llo*:0f. 5 -ro^ectively* .■ ■:■.
.If is to- he partioliarly noted tot' the, mferNJ&raf 
ratio affects the f i m  of ..concrete* and' the greater the wafer*: . 
carat' ratio* to greater is the flow**
'' 0 0 .IHI I  1 ,0 $f 0 F  . 3 1 0  8 1 0  2 .
If. 1ms been noticed fiwllg. 6 7, as alreacly mentioned* ' 
that to higher the taiddity* to less, to flow for nororl Portland
•HONI ‘OS «3d  
•g i d3d H10N3T l lN f l  a3d
cement concrete* while the reverse- is. noticed on rs#d hardening 
Portland cement concrete fi*e#* the M#ior.t!B.toiidifer# the 
Mgber tbs How)*;, In consequence of . this interesting observation 
it., was decided to carsy out teats on,..the .flow of concrete under 
mter for both types.of casent#. .: ; .
; Jig*. 74- gfres.the. flow time mrres for tests I o* C* 6 
end G. 7 pppendi^fll) loaded ..at SI defs old under .sustained tensile 
stress of X50~rbs. per sq. in, on rapid hardening. Portland cement ■ 
concrete lilftSl |^nroliw).,and of .watervcwsnt ratio (ty 
weight}*.,'■ These ...curves* asfhasls# that the Hew of rapid haajdsdung : 
Portland cement: concrete., cured in water .is rimteHally greater than 
tot..cured in air* . - ■.' ,. :
The seme tests have. been carried. out on norrcml Portland 
cesnent.concrete*.. fig* 75 gives the ilo^time curves for tests 
Ids, 0 * .;8 and G*9 .Appendix Vll J loaded .st 23 daps oM: under 
sustained, tensile strength of .l^Kbbs*.per .sc|* In, on 1 lift 3l . ■
concrete ndx {bp ‘volume) and of mter«cement ratio *$ 4 {ly.f/eight}*
. it. is ratter interesting, to. ohserre .that the How of ■ ■ 
tbs . specimen cured in pier ias considerably less tlim  that cured ■ 
in. sir# rldlt -the, reverse m m . noticed on rapid hardening Portland 
. cement. concrete#...; The flo of no:mieX Portland client -concrete in 
water for a period o f 90 days was AO per cent of that cured in air, 
while that of -the .rapid hardening Portland cement concrete cared in .
oC
Hid H10N31 JLINH H3d..0IX d33«0
1 ; ; [i|
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CONCRETE MIX 1-I-§:3t  BY VOLUME.
WATER CEMENT RATIO -54 BY WT.
AGE AT LOADING 28 DAYS 
STRESS ISO LBS. PER SO. IN.
Fig. 7 5 — C re e p  o f  N o rm a l P o rtlan d  Cem ent 
C o n c re te  in Tension fo r  A ir & Water C u r in g .
D AYS F RO M L o a d i n g .
mter m s  30 per sent higher than that cured in sir*
. B, hU Bavis^- notedtot the flow o f noimBl Portland - 
cement concrete under eompressive. stress of 800~lhs. per sq. in* 
for t m  years .{air storage, at 9) per cent relative Im r & c iii j) «  .
three times the corresponding tow for concrete stored under mter*
£■^3
m : . (Eanrilled0 noted that the creep is lower for specimens ■
of '$$rtlar& easent concrete maintained damp ton. for those stored ;
In air*.,.. On to. other hand* he found, tot ateineus email concrete 
showed a ..larger creep under load, itea f^ntained moist ■ ton Mien ■ diy. 
Actually to. creep for the- three \cenents# rapid hardening, normal 
portlmd^ a M  fdianinousy m m for mter storage in. to reverse order 
from that of rapidity of hardening* ■ Oonplele ;.tesersioS of M s  
sxiecimen in Ytter m s  not .possible * due to to form of strain 
jaeasurenent tot w m .used* and .to overcome this .difficulty to 
spec tons m m  wrapped with wiehs end toersad at one m i in. mter.
/ ' J  f |B: 0 1 vOSlllf* .
Pig* 76 gives flow time curves for nos®!, and rapid 
hardening Portland cement concrete In tension for air and mter ■ 
curing;.. . t o  concrete m ix m s  lilfiji (hy volume) and of water* 
m m fa  ratio ,*54- (ty weight)* • t o  normal Portland cement concrete 
m s  loaded at 28 days old and to ■rapid Im M r& n g  cement concrete
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D a y s  f r o m  L o a d i n g .
CONCRETE MIX Is lf iS j BY VOLUME. 
WATER — CEMENT RATIO -54 BY WT. 
AGE AT LOADING 21 DAYS FOR fl.H.
p.c . c . b 28 days for  n . p . c . c .
STRESS 150 LBS. PER SO.IN.
F ig . 7 6 —  C reep o f  N o r m a l  &  R a p id  H a r d e n in g  
C e m e n t  C o n c r e t e s  in  Te n s io n  for A ir & W a terC u r in g
at 21 dejs eld, both under sustained tensile cia^a ©f'lj^lbs* 
per eq* In,. . . .
It. i f  rather interesting to note that t o  flow of t o  
normal Portland cement concrete is  iiiieh higher than that of the 
rapid hardening Portland cement concrete, providing that the 
concrete is  stored In eir,iM le tbs referse is  reiy marked to n  the . 
concrete is  stored, in m ter, thi-s means t o t  tbs greater the 
re^tdity of hardening1 the lower is  the .flow for air' curing, and: 
the bi^bsr the flow for water curing, ho attempt has been made 
for testily  sltrninous eeaent concrete as this type of cement is  not;, 
recommenced In constructing to se  types of structures. ■
. .0 K A B A I r o a r  ’©#-■ l a i n § A f  i* ■■
Ite* 7 7 gif as flow % im  carve®  f o r tests los, 0 . 8 and 
€, 10 (Ap|)endix fli| on no nasal Portland cement concrete lslf$3i 
(ty irdme) of aggregate graded to. §® for the former test and. to 
1 ** for to latter* The water~cement ratios were ,J4 and *418 
(bf flight} respectively so m  to. give to  sane workability for both 
® im & *  ‘B o th tests m m  under sustained tensile stress of djD-lbs, 
per sq# in*, for tlie former end of IQO-Ibs* per sq* in* for to 
latter, so that to .ratio of-to working- stress to to ultimate 
Stress was pmctically the « m  for loth tests* . Specimens were
D a y s  f r o m  L o a d i n g
CONCRETE MIX 1:15:3^ BY VOLUME.
CURED IN AIR.
AGE AT LOADING 2 8 DAYS.
F ig .  7 7 — C r e e p  o f  N o r m a l  P o r t l a n d  C e m e n t  
C o n c r e t e  in  T e n s i o n  f o r  D ife S iz e s  o f  A g g re g a tes
168*
2 8 dcys old at loading- and were eared in air. . : .
It is. ratter interesting to note that tte Slow of tte ■ 
concrete of aggregate graded to I*1-' was xrnch higher than that of
aggregate .graded to- § V .
gig ■" E l  a 0 T 1 1 I  - 0 t  I t O I .  : ■
. F 1 0 W  O f  0 0 10 E l  f JT
y l J ' . a 0 l I g l 0 S . I ; 0 I >:
;lte teoow^aof ilow In coit|)ression received same 
attention* lavish noted that snteecpent to each release of load '. 
for tests ate or w  stained coiwxjressive stress ttere was m  instantaneous 
recovery telXownd S^y a flow recovery which Increased If time* referred, 
to- in M s  p oer as *’pXastio recovery w* .Mg* ? 8 shows plastic recovery
results daring a period of 5  days %  laris on .specimens tested under
cGEpression for air and water curing at fte age of one year, -after a Tv 
being under load for 1 1 irsntte* In.Mg* 79 is- stewn tte- resite^ l ■' 
defoxsaation' and plastic recovery curves on specimens under ■ ■' 
alternating ccsipressive stress of fifteen 2-day Mtematiom* 
fte residual defoxmation curves represent remits of measurerfBnts , 
taken at tie end of each successive 2-day -cycle of -stress* fte. - 
plastic’ recovery curves represent results during the 7 leontte 
following tte release of the last alternating load* Hie shape of
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the tima~recovexy curves, m s  imch the saroe as that for the 
corresponding tiiBe-.flow curves, but to. rate of recovery w &  
cQEpimtively small, and to state of plastic equilibrioxa m s  
reached in a fairly tort time* - t o  plastic, recovery for 
concrete in. rater storage was considerably less ton to 
corresponding plastic recovery in air storage* t o  plastic 
recovery was. ccripamtively rgtaSlXla Quantity, (being roughly one* 
tenth ' t o  iimgnitnd# of to: flow),. much of vtiich took place within . 
a few hours from the release of this load* ■
tests were carried out t$r to Bailding Besearch Station^ 
to determine to magnitude of creep recovery, and to.se remits are 
town in Mg* oO* ' In to case of rapid hardening Portland cement 
concrete Is3;6 mix, to recovery, on reducing, t o ’stress to half 
its original, value ended, after a few days, and to concrete began ■ 
to creep under to action of to vmBirdxiQ load* On completely 
unloading, to' recovery was still piall and after to months without 
load, to total. recovery mis not greater ton. 10 per cent* In to 
case of mxmal Portland ccsnant. conoreta l*3*c riix, to total 
.recoveries were .about 1 0- and 1 8  per cent, respectively* Some 
information -on,,recovery of. .flow of concrete in ccsrpression in . 
availalto# tot as far. as to author is,.amre* none, has been pahlitod 
on to recovery of flow.-, of; concrete in. tension. ,
OIX H lO N 3 " l  i  l N fl b 3 d  d33bD
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. i i . .  f i 3 $ i  c m  ...
Tbis paper gives t o  remits of flow recovexy tests made 
by tbs m t iw r  m . r&pidtoxdening and m m o l jP o r tlm d  cement concxetes 
In tension for air and wate r storage. . fig* Si gives creep*tf&er ■ 
curve and m tc o re w * t^ m  curve... for. tests. Bo# C. I. {AppendixV I I )  of . : 
rapid tmrtoing Xbrlland cem ent concrete ,1 s2?4 mix. (by Yolnrae) cured . 
in air* ■ /She specimen at 21. days old ms: subjected to. a sustained 
tensile stress of 100-lbs. per sq. in. for s period of 300 days| . to 
load was tl» released,amd readings taken for .a period of m m  |O0 • 
days* . . It will be noted .tot, to  recovexy. time curve is of to 
m m  tope ws W  t of t o  creep*tte .curve and to, rate of' recovery ■ 
ms considerable after .releasing, to. load end .gradually decreased by 
time.. .A state of ecfiilibiiiM m s  xeaeliecl in a period of rau#jly 
to months. . t o  total recovery , m s  nearly 10 per cent of to total: ,. 
Creep ln '300 d^ rs*. .
: jig* 82 shows. t o  creep-tto curves and to recovery time ■ 
curves of teats ids. C* 6 and 0*, ? (Appendix ¥11} of rapid gardening ■ 
iortland cement concrete XilfiSi fty volto) for dir and- water curing. 
Hie specimens were under mstained, tensile stress of IJb-Ibs* per sq* 
In. at 21 days old, for 160 doysi to- loads were ton released and 
observations tton. for a period of 40 dsys. The recovezy o fjn o w  for
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air curing was eonsidembly higher than that for water .curing and a 
state of erjailihxinm was reached within this period in the ease of 
mter curing* fMle.the recovery of the specimens erred in. sir was 
still proceeding. The recovery. for air earing during the period of 
40. days m s  roughly. 2 5 per cent of the mgrdtejde of .flow*, while that 
for water caring m s  about 10 per cent.of the Mow-value*
■ ■:. In. Mg*..- 83 Is stain. the creep^ tfese .curre -and, the- recovery^  
time curve of tests Bos. 0. 8 aid G. f {.^ pendte VI1} of normal 
l^rtlshd cement concrete lilfill' (hy volume)., for. sir end mter curing*. 
flie specimens -were under sustained tensile stress of l^Xlbs* per sq* 
in.. at 28 days oldj. the lo.a4s.mre released, after 90 days Mom time of 
loading and observations taken for a period, of 20 days, fhe recovery 
of the .Mow for air curing m s  much hi#ier. than that for water curing*, 
which ended after a few. days from'releasing the load* utiile the'
. recovexy for. air curing ms...still observed, flie recovery for air 
curing taing..tiB..p©r^ observation, m s  per cent, of the 
total creep* and for water, curing was only 1 3 per cent of the total' 
creep*
It will hs noted that although the creep for rapid 
liarderhng Portlaid cement concrete in water is higher than that in 
air and that normal Portland cement concrete gives, a .reverse re salt, ' ;• 
the recovery of creep in air. is relafively higher than that in mter ' 
for concrete made with both types of. cement*
D a y s  f r o m  L o a d i n g .
CONCRETE MIX BY VOLUME
WATER — CEMENT RATIO -54 BY WT. 
age AT LOADING 28 Days. 
STRESS ISO LBS. PER SO. IN.
Fig.83.  R eco ve ry  o f  C ree p  in N o r m a l  P o p tla n d  Cement
C o n c r e t e  in  T e n s io n  f o r  A ir  &  Water C u r in g .
X7&
' 'EisistAias 
.0. &
\ S f l t l i l l T I  . M O B l  I n s u ­
lt is of practical Ii^rtancs .to .stow clearly the effect 
of sustained tensile stress on the deforrus-tion of concrete t^r 
curves representing the ratio of unit sustained stress to unit 
total defo:roil$*i.tf M©e« .-. i&wis referred to this ratio as the 
of Besiatajict^ *... Ilfs* .84.to 90 .olm t the iimdulus of 
resistance-time curves {or: the effective i^ dulus-time curves) for . 
rapld-imrdeninf and noisi?4 Portland cement concretes for various 
factors. affecting. the. flow of. concrete in tension which have 
already been studied an tS-3 tests given in this paper. Hie points 
arf&oyed in jlotting.. these m r m a m m  pw ® - the creep- time
curves and the. instantaneous ■ deformation to. obtain the total 
deftossisation..(it.e**- the elastic .deformtion, plus. the^estie.' 
df€Oimtioii;aaxi«g ..fading...and.the flow for various intervals of 
sustained. stress#) .
. . Stuping figs. 84 to 90 It will “be noted that*-- 
1 , . Hie r©dulus of resistance (or. the effective iRQdulus) of
concrete under constant sustained tensile stress decreases at a 
rapid rate directly after applying..to load* and continues to ■ 
decrease more gradually with time# .
2* . ' Ihr concrete of Bgssss.mix -and under stm® conditions, the 
modulus of resistance of concrete loaded at an early ago remains . 
less than that of concrete loaded at a-later age, and the decrease 
in stmipitiide, is much higher than, that for concrete, loaded at a later 
' age^  as a^o^ n. in fig*. 84#
J, . Oter tMngs retraining; ecpal^  Hie richer the- nix the 
Mgher ..Is,the.paodUlus of resistance, and the decrease in this . 
iDdnlus t|f time is less under the action of eastained tensile stress
(K g . 85). " ..
4. Hg. 56 allox’s that tie highaj? the mtar-eanenfc ratio for
same mix raid for same concrete, Hie less, is the m dahXQ of i 
resistance and the greater is the decrease In its walue .tgr time 
under the action of sustained tensile stress*
.5*... H e  condition of storage m  regards air and water .curing :
■ considerably affects the magnitude of the modulus of resistance* ’
Hie sustained xmdulus of resistance of noxmsl Portland cement 
concrete is- Mgher for water storage than that for air storage* 
Mttaagh Hie instantaneous modulus of resistance of rapid'hardening ' 
lortlsnd. .cement. concrete- is, at loading, much Mgber for mter 
curing than air curing, the effect ofmstained tensile stress Is ’ 
m&csh greater for water curing than for. air curing, and so the 
BBgnitude of -sustained modulus of resistance decreases no re rapidly 
for water curing than for air curing,'.as-, shown in .figs. 8 7, 88 and 8 9*
AT LOAD
RAPID HARDENING PORTLAND CEMENT CONCRETE
------------------------- CURED IN AIR.-----------------------------
CONCRETE MIX 1 : 2 * 4 .  BY VOLUME.
 WATER— CEMENT RATIO .5 8  BY WEIGHT. ____
STRESS 125 LBS. PER SO IN. ,
.AGE I AT LOADING 6 MONTI
MODULUS OF RESISTANCE® UNIT SUSTAINED STRESS. UNIT TOTAL DEFORMATION,
F ig . 8 4 . •— E f fe c t  o f  S u s ta in ed  T en s ile  S t r e s s  
o n  M o d u lu s  o f  R es is tan ce  f o r  D iff A g e s .
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Fig. 8 8 — E f f e c t  o f  S u s ta in e d  T e n s ile  S tress  o n  
M o d .o f  Res.o f  N. P C e m e n t C o n c r e te  f o r  A i r  and
W ater C u r in g .
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F ig . 8 9 .—  E f f e c t  o f  S u s t a in e d  T ensile  S tress  o  
M o d u l u s  o f  R esistance o f  N o r m a l  &  R a p id  H ardeni 
C em en t  C o n c r e t e s  in  T e n s io n  fo r  A ir  &  W ater C urh
D a y s  f r o m  L o a d i n g .
6. : the sise of aggregate "used irhluanees to a marked degree
not only the instantaneous modulus of resistance, taut also tlie 
su stained raodulu3 of resistance,!*rom Jig. 90 it will be noted that 
the instantaneous modulus of .resistance o f .concrete consisting of 
aggregate graded to lw is much higher than that of concrete 
consisting .of ,a^rep.te graded .to |-w, and that the. effect o f sustained 
tensile stress, is mucfo.M#tar on the former concrete than on the 
latter! concrete, and consequently ■ the decrease in the modulus of 
resistance ia much Inkier for the former concrete than for the 
latter concrete. .. .
F L O  W. .. 0 ,1 I I .  ,0.0 1 0  I B  f  B I S  A M S
llllf A lI IS / i O A D ,  ;
. fhe author thou#! it would be o f considerable interest to 
cofrpare the flow of concrete under .sustained tensile stress with that 
under sustained flennrai stress. ■• The. test was- carried out on,, two 
plain, concrete beams 4 b y 4  %  Jl in, of 43 in.:: span.. Allhougli for 
beams a square .section, is not used in practice, it was necessary to 
.keep the m m - dimensions of spedteens. used in creep tests, The ' - 
concrete, consisted, of noimal Portland cement, femes Valley sand, 
crushed fteoes. beXLaat graded to fn In the proportion of IslfsBi 
(by wolms) .J4 {by wight) water-cement ratio.
F i g . 9 0 . —  E f f e c t  o f  S u s t a i n e d  T e n s i l e  S tress o n
M o d u l u s  o f  R esistance  o f  N .  P  C e m e n t  C o n c r e t e  
for  D if ferent  S i z e s  o f  A g gregates .
D  AYS f r o m  L o a d i n g .
Upon removal. from the moulds the specimens were placed in 
a vertical position end readings .were taken, on. opposite sides (being- 
top and bottom sides of the beams as cast) iy .to same m a m rin g , 
apparatus and instrument isecl in... the. .creep .testa and it was noted 
that the. ffaxlr&g£$. at t o  top side of th e  beam was higher than tot ■ 
of the lottos aide.
■M'ter ^ 3 days, tm m  easting, to to beams were laid 
horizontally: on. brass tarings of .J*1 toetoess and were freely - 
sipportecl on two B X ig im  ABn from centre line to centre line of each : 
.support#- T%mm, .angles .were fted on rigid frm m  m  town in Mg, 91, 
Beam Bo* 1 m s  adjected only to its m m weight* .tfeich gave a stress 
of 25-XLs, per sq*. in, and' beam- So, If was: tojeoted to to loads of 
119-lbs, each .acting at 1 8W from each support* thereby giving a 
calculated stress, of 200-lbs# per.€% in, making together with its 
011 weight a total stress of .SSJtibs, per .eq* in, being 1 *5  times 
X%*lbs* per so, in,, (l^Mbs, per sq, in, .being, to tensile stress 
under which to. creep/.s^ peJmess of roxmsl ibrilasd cement concrete 
were tested* ) .,-■ . ,.-. , . .;. . . .
■■' 'T im measuring .^ Dparatus consisted of a vertical steel . 
frame .Ml11 ty 9 * overall.. dtossion* made tip., from a steel plate 1|JI 
width by i n thick, and mildly fixed m  to exporting fra m  at to . 
centre of to beam* as t o m  in Mg# cj2 *  - M  to;.centre and. at to 
top of each besa.v&s fixed a brass disc . (I11 is. dianeter and fH. took) 
upon, wMdi a vertical steel rod was mounted and firmly held in ;.


position by a spring and a steel.‘babe fastened.:to; the steel feme*- . 
IMs tabs ms. of sufficient internal dimeter to peimit fee movement 
of the. rod*, . .Three adjustable brass screws were provided around each 
rod in. such position that the sma© -insuring. i^tnmBnt used in the 
creep teat, could be mounted on these screws*- The details of the 
measuring apparatus are clearly shown in Mg* 93* --
/ftet the m m  '.readings had been obtained* the readings " 
on laoth beams m m  falcon and recorded In. iipptndlx lb* fill* Actually 
the readings for the unloaded beam represent the difference of 
teapemture- movements between the beam and. the vertical feme* plug, 
the sBveifflts due to m m zp&I sfenhege at the. top end. bottom of the 
baa% also the .flow of the. concrete tinder the action of Its own 
wel#it* Hie difference in readings between the unloaded and the . 
loaded beams, rcpxesent duly the deflection die to load* , ,
, ' Mg*, 94 .gives tlie. calculated deflection-time curve deduced 
from tlie values' of the modulus of, resistance .(Mg* 8 8} obtained from ‘ ■ 
tlie- creep-time curve of test Sol 0* 8 the specimen for which being 
of same, adx and-, subjected to sustained 'tensile stress of IjO-ibs. per 
sq. in* at 28 days old*. . f e  actual values obtained from this test- 
& m  also. Indicated on Mg*. §4* It will be noted- that the. 
calculated deflect ion* time curve was of less value than that of tlie 
actual -deflection. It m s  presumed that- to Mgher values of the 
deflection obtained . f e r n  the. test were due to the high f l® m z e l stress
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to the bean was subjected* T m  loaded t e  m s  tested in a 
_gS>*tiOaE|. testing js&chim  (JUg* 9 5) .&> obtain the i&tiinste
flannel- stress* fha Xoai rns applied,at the centre of, the..'-Jbeses* 
fhria^ obtained m s  433-lbs. per sq* i%;;-Va
which.is twice, tM stress. to m&ldh tdies loaded beata was s$yecie&*g
; i .if0 a m i » ; s o.s'o.amf a . tr 1 1  i'i':v 
■■:&$ b t a 1 s i f . i  1 B  x  & n  g i r k s  s*
; obtained ’ the. creep time curve of plain' concrete of
■• m m & L .and rapid M M m & m , Portland , « n t  under v a r io n B 'm n d it io m $' 
:m & : having noted that, the flow of concrete under flexural stress is ; 
v;pBuier;1h m  that unde redirect tensile stress*.it m s  decided to 
investigate vtethsr* as a remit of this, flow a redistribution of 
stresses from the concrete to the steel occurs i n  reinforced concrete 
.irssHters*. or vhsthere the. creep in bond between the steel and the 
. concrete^ will ecpalire the. effect of creep, due to
. \ fhe. specimm® need in these tests were of the m b  shape 
and diirensions as those of the specimens need in the plain concrete 
creep tests,. except.; tlmt they were reinforced in the centre wi'th a 
steel tube of fM eadernsl disiiBter and ,1 2 8 in. tbiefcness* itdch ■ : 
gives m  area of .2 0 sq. in* and a reinforceirent percentage, of 1 .2 5
195.
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. , '  flie apparatus used for measuring  t o  movements at t o  
surface. of to concrete was the same e$ .that .used, in to plain 
concrete creep tests* / .to  movements of. t o  reinforpaiient on a 36” 
gauge length, were obtained ty~ using t o  .same instrument with a  
simple iseasuring. apparatus designed, on to :m m  lines as tot used' - 
in measuring to reXatiwe raQYement of concrete at to mrf&oe,
Biis measuring appamtus is t o m  in. Mg* 97 ond simply consisted •. 
of a tube of cisternal diameter less to n  t o  internal diameter of 
t o  reinforcement tube. ■ t o  m & ll tube mis welded to  t o  rein* 
forc@i3e.nt tube at t o  top .and' of to gauge 'length under test and- 
. of sufficient length, to project- ll1* f rom. to specimen* • At to 
' top of to snail tube was ftod a steel' disc of l|Jf diameter and ;
-jp thiclmess. provided with three adjustable brass screws foiling a : 
triangle* . v . A  steel.bar.of §w Master.ms. protided inside to 
inner tube* welded at • its bottom end to t o  reinfoarcsmenfc tube at '
- to bottcm end' of . . t o  36®" gauge lengtli and 'of sufficient length to. 
project just tore to steel disci Tm ^ m U ^ ir e  between
t o ' reinforceiient tube and to ’steel rod were recordedby mounting ;
. to tm k n t in g  instrument on. the three, brass screws after .acljustout 
Imd bear made to obtain to zero readings*" 33ae method of taking 
to readings- of tbe loaded and unloaded, specimens for air curing is ■ 
clearly shown in figs* $ 8 and 99 respectively* the arrangements 
■ of testing to loaded and'unloaded reinforced concrete specimens are

s t e e l  t u b e  s/e EXT. o ' a h ,
Amo >/2 »mt. di»m.
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doom in Figs* 100 and 1 01.
' fest'lis* 1W/0* 1 m s  mMwly m  im  reinforced concrete
■ specimens* one loaded ami the other unloaded* the latter being 
used- fby-.-elteinatir\g; stresses du© to shririka^ * ;-. llrf'orfenatelsr it
; was found that, there m s  a certain amount of friction batmen the 
rod ©nd the tabs- of the unloaded speciraen* and m  relat im  m tm m t®  
c o u ld be; obtained.: Howerer* it m s  decided to carry out the test
to prove whether a distribution of stresses-from the. concrete to ‘the 
, -steel world, occur; due to- the- applied .aistaimd tensile-load, or 
.'tiiether the'How; in bond,between'the reinforcement and the concrete 
■ would ditnimite this distribution# • The Ecraaents due to loading
■ ■ mere: obtained by deducting.' the readings of .the relative concrete - 
mowernsnts at the surface of the unloaded -specimen from those of 
the. loaded -.If Is rather-interesting to note from the
■" t&hLes in Appendix Ifc* IX that the relative. movements of the 
rainfbixiement were more or less the same as those obtained at the 
surface* which indicates that no :&lip occurred between the concrete
■ end the steal within the tested gauge leng&* -, : ' . ;- ■
' Mg* 102; show© .the creep^ tima curve of concrete for test 
Ho* H*-„ C. 1 (Appendix IX).. - The total movoiients. of. the loaded and 
unloaded specimens . are stem in. Fig. 6?. The specimens were cured
■ in  air-and m m  of rapid hardening Portland cement-.concrete of Is 2s 4
■ mix (by volume) and of *54 might) mter-ceimnt ratio. The 
specimen was loaded at 2% days for a period of 160 days under a
202.

A
n?
 
C
u
r
in
g
.
sustained tensile load of 2,600-lbs. w h ic h gives a calculated
applied tensile stress in the concrete of about IJb-rbs* per sq.
. A
in,., taking the. modulus of elasticity of reinforceanent as 3D x 10 .
XOs, per sq, in, and .the modulus of elasticity of concrete in 
tension at time of loading as 4*1 % lO^ -lbs, per sq* in* as 
O B ie m lm d by. the unloaded'speclsien used for periodical measure­
ment of elasticity.
It will he noted that although the flow time curve for . 
the reinforced concrete is of the same shape as that for plain 
concrete of same mix and under samd condition, the flow of the 
reinforced concrete specimen during the period of loading © s  
iaadi higher than that for the plain cot^ rete'In feat Bo, 0* 5*
(Slg* 7 2 ]*
- In. Appendix jX» the rmrmmmt of the unloaded speetent' 
during the period tom date of testing to date of unloading m s  
2 1 *0 units which gives roughly m  increase In conpressive stress 
in reinforcement due to. shrinkage of 3,50Q~lbs# per sq*. in. and a 
corresponding.. tensile stress of 4>lhs* per sq* in* in the concrete. 
Actually the concrete Of. the loaded specters, m ® tested under an 
Increasing tensile.stress*- by time, due to shrinkage (tut mare or 
less interrupted ty humidity' variations) and a decreasing, stress 
by time*. due to flow under load* The total increase in tensile' 
stress of concrete from time of test, to time of loading, .also from 
time of test, to .that before unloading, can be estimated roughly ■
from the total jaoifsssients of the loaded specimen* .assuming that the 
movements of concrete at the surface were approxisBtelyof' the same, 
magnitude as those of the reinforcement. Appendix IX gives these 
teoreases to imiraBenls as .0008? and .00194.to, respectltely, vliic3i 
give an approximate tensile stress in the concrete of 1 7? and 187- 
lbs. per sq* i»«i
■ Side dearly indicates that the creep of concrete per • 
unit stress at Mgh stress is relatively Mgber than, that at a 
stress of about vp  per cent of the wlttate strength* The' 
ultimate tensile strength at time of unloading w m  275-lbs, per 
sq* in# w
fig* 102. shorn .also the i^cove^-ita curve after iMoading* 
The'total recovery was'less than 20 per cent of the total How and 
a state of equilibrium in the recovery m s  readied within a month 
of unloadiig. It should be. .toted that the effect of flow of. 
concrete does not' solely redisirilxtta- the •stresses fxm the concrete 
.to the steal during loading, but .after unloading reduces the tensile ' 
'■stress‘In concrete due to■dnvMtage* ■. '
. fables in Appendix 1 , 0 . 1 give: the . total increase in 
movQuenf of concrete at. 221 days old' as *00483 and #C0jB8~in. for ■
■ t o  unloaded and loaded specimens respectively* mick give xwughly 
a tensile' stress In 'to concrete of 52 and 415-lbs# per so. in# ■ 
v . . . ; As,friction.ms observed betmen' the rod and the tube of 
the extensiometer of the unloaded, speoiHian. of -test ¥0* li. 0* I* it
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?ms decided to repeat the test on reinforced noxinaX Portland cement 
concrete. Although the creep of this type o f concrete in air is 
hi#er than that, in water and the. redietril3ution of stresses from 
the concrete to the steel are,/consideiahly higher,. it m s  decided 
i n  order to. eliminate- .the; effect of isumidity variations of t M  air • ■ 
In the daring: laboratory upon the specimens to test than lander '
mter* ■ ,■
. Test lo* E* Cm II consisted of three specimenss-*
(a) plain concrete and unloaded, (b) unloaded specimen hat rein* 
forced^ (c) loaded and. reinforced.- ; The reinforcement used m s  ■
the same as that of test lie. E.0* I# - The methods of curing the ;
unloaded and loaded, specimens are & g m  in figs. 100- and 1 0 1.
The loaded specimen- at 28 days old m s  tested under a sustained. . 
tensile load of 2,500-ibs. for 91 .days#. unloaded for 7 days and 
then reloaded for 1 3 days under a sustained' tensile' load of 3*35^  
lbs. ttiicli is 34 per cent M#aer than the, first load* The total ■ 
m o m e n t®  of the urfltoaded and loaded specimens ere diomi in fig. 6 7. 
The instmient readings -and the teiii)erature variations of the ^. 
oaring mter ere recorded in Appendix 10* JZ*- h.tig* 103 shows . 
how the .flow of .concrete under sustained tensile load -redistributes 
the load, t rom the. concrete to the steel* The concrete tensile 
stress due to- the. applied load was I4?»:^lbs% per sq* in* directly 
-after applying the load and reduced to 1 3 0-lbs* per sq* in. during
7}/77<S //7 ter .
9 ; $8 l o o
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the'period under load. : It MIX he noted that tbs effect of creep 
does not only .redistribute the stresses frcmthe concrete to tbs 
, steel during loading tut also exerts a compress Ire stress in the 
concrete .to.to unloading*, ■ . She total recovery during a period 
of one weelc. from tine'of ...unloading was only 10 per cent of the 
total flow and so its result w m  only to decrease the compressive 
stress-due to uMoadlng. ly ; 1 0 per cent*. . .
• A very interesting result was obtained Icy reloading the . 
specimen hf a tensile totalised load of 34. per .cent greater that 
the first, .applied load.. , 32a© effect of the creep of concrete on 
the redistribution of stresses oyer a period of only 1 3 .days was 
relatively hi#ij. sltfcou^ .the concrete was under a sustained load 
for a period- of §1, days? and. it follow that the effect of the 
; sustained load during the period of f 1 days mill imtuiully, during 
reloading^  gite a relative swell creep* . 11b relative increase of 
the flow of concrete directly after-.reloading m s  to to tlia . 
second applied load being; greater than the first * Actually the 
creep observed was the total-of tlmt due to an applied load of 
2,500-lbs. (the value of the first applied load) being a relatively 
small value* plus the creep to to the reminder of the spiled 
load, which exerted a M.#er . tensile stress .than that under which,.. 
the specton was tested and this, gave a considerably high creep, 
©ds r e m i t  entirely agrees with that observed in stress*strain 
relation of the tension spedtans loaded first to, a stress of
£5 >*lbs* per. sq* in*,. unloaded and. then reloaded to the Ultimate 
' tensile strength* Ida clearly indicates tlmt the creep is more 
' m  less proportionate to Hie stress*, only ,in Hie . case of 
■spec tens not previously loaded or. loaded to a stress equal to, or 
greater, tea,. the implied .stress* . ,
. . .ep...src.:J.0 0.1 0 I* .
Hie main conclusions from, the foregoing creep test are 
as follows-*."' .;.
1 . The behaviour of concrete under sustained tensile stress 
is the earns as. tel under sastained conpressiTe' stress* ■ She 
creep of concrete under sustained-tensile load is roost rapid 
. ImnBdietely after loading* dependant on several factors* and : 
gradually decreases with time* '
: 2* ■ The age of concrete at loading has an important influence 
upon Hie flow during the first month or so from time of loading* 
tele the flow subsequentLto tea period depends only on the age 
of the concrete, and the greater the' age at time of loading,. the 
less is the flow*
-■ 3* ■ The magnitude of the How is almost proportional to the 
sustained tensile stress*, provided that the applied stress is not 
more than per cent of the ultimata strength*
■ 4* lUr concretes under the same conditions, the leaner the
mix, to greater is the flow* fids property is.wry. marked, at 
the earlier -dsgrs from loading than at the later days*
% The., water**ceaaeni ratio considerably affects the flow . 
of concrete under load and. the M#ier to mte^capent ratio for 
concrete of same mix, the greater is to flow*
6. . The flo j o f  m r n a l Portland eeisent concrete cured in '
air is hi#er 'than tlmt cured in water, whilst for rapid hardening; 
Portland cement concrete cured in mier, ‘ the flow is higher ton 
tot cute In air* ,
7* Hie, ty p e of cement has a, great effect on to magnitude
of to flow* ■. The greater to rapidity of kteenlng, to lower 
is t o  flo w  for air airing* and to M # e r  is to f lo w  for water 
airing*
8*. ... ■ Par concrete..of same mix, .end of. same aggregate, to 
flow' of concrete of larger sise aggregate. is much higher ton, 
tot of concrete of smaller else -aggregate#
9 * ,. t o  rate of recovery , of creep of concrete in tension
Is considerable after releasing.:to load, and gradually decreases 
by time, and- a state, of eqaillhriuia is. reached in a period of 
roughly to months for air curing, and. .one month for water curing, 
1 0* . - to  recovery of flow of .concrete cured in sir is imch ■ 
hl^ier than, tot cured in water, for both normI and rapid ' 
hardening Bortland wamt, concretes* ...
. 1 1* to total recovery is mt more than. 2.5 per cent of t o
total flow for. air curing,- m d  mt more than 20 per cant for
water curing# . :
1 2* ■ The flaw of concrete under flexural stress is higher 
ton tlmt of concrete under direct. tensile stress# ■ ' '
■ -1 3* v. to- effect of flow of concrete upon reinforced concrete 
.members under direct sustained tensile load' is to redistribute 
the stresses from the concrete -to the. steel end ton the. load is. 
released,, to reduce the tensile stresses in the concrete due to 
teiitege# -
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explained. tot the .creep of concrete under 
load is due to-the,- seepage of the colloidal water under pressure 
V m m § x t o  gel* . The gain or loss of, colloidal water from t o  gel 
is ,due to the. variations in to moisture, of to surrounding air, 
and also; to: to to -load applied#- ■
' 6 2. :: Boris .. also. concluded-.tot-: to rm g o r portion of to 
f lo w  o f. concrete.tteer' sue toned coipressive load is caused by 
colloidal seepage from, the cement ’gel*. ., He pointed -out- that to 
moisture content , of to- cement gel has a mteced ,effect upon to ■ 
seepage -and hence upon to tlme-flow of concrete! consequently 
to - greater-,. the water-eerent .ratio, to. greater i s. to flow.
The. loss of mter from to gel is- a function of to vapour 
pressure of the m z ro n x M fig : so .tot t o drier to air, to
srore rapid is the flow, in other words, to M^ier the taddity 
of to air, to- less It to flow*.. He also - added that a portion 
of to: total flow gay ha due. to crystalline or viscous flow 
.-considering to differences in to tow values of .concrete made 
of different mineral aggregates*
Haris based M s  conc-lusion on his results of tests of 
flow of concrete, under compression. . Unfortunately, ell his . 
.tests were on bosss! Portland eenaent concrete tech, -in to 
autor*s opinion, were not quite ..sufficient, to- Investigate to 
■cause of flow of concrete under load. .,
:Pto author*s tests on tow- of concrete - in tension towed 
-that, to tow. of rapid imrdening Portland cement concrete in water 
is much Mghev than tot of . concrete , cured in air, while to 
. reverse was observed on noimal Portland cement concrete. Tests 
of to Building Bessaroh..Station tote: tlmt, to greater to 
rapidi ty, of .hardening of -to, cement, to higher: is t o  creep for 
air .curing, tele to. reverse for.mter curing. This
indicates clearly tot to majority..of creep..is not due to 
, sewage of to colloidal .water % h sm § i to gel*. Besulta^ of 
tests on neat cement beams under attained load towed tot to - 
behaviour -of neat cement is similar to that of concrete. W rm  
to foregoing it seaas cpite correct to assume■ that to flow of 
concrete under, load is tei&y due to. viscous and crystalline flow, 
and not due to seepage of colloidal water through the gel*
2X4. ,
-Concrete wed, dry after one year-' from casting towed
a marked flow under load. , Xi is not -correct to state that ■
concrete at -that age still. contains any appreciable amount of
water, and-that the flow is due to- the seepage of this water
through to gel. ■ :lt was noted tot to Mgae? the m te ^ o a m n t ratio,
the higher is  the creep, the reason being tlmt concrete of wetter
mix contains rao.re voids when dry than concrete- of .-a'drier mix,
0>
and so the viscous, flow of: the former mix is hi tor than that of ■ 
the latter# . This assu^tion implies'-also to the results. of 
tests ■ towing .that to "better .graded the aggregate (or to higher 
t o  fineness modulus), - t o  t o  lower to void space, t o  less is 
. t o  flow for concrete of same water content*
fhe recovery of test 130, C. I diring 320 days after it-'
-had teen loaded.for. 300 days was' only 10 per cent of to total 
flow* ’ .' Hiis indicates clearly tot to majority of flow of 
concrete- is not due to seepage' of water Into to- gel*
fha curing conditions on m o t type of cement tote- a 
marked effect, on to. physical., property of to gel end its'viscous 
and crystalline ilow* ,. t o  How of noimal '.Portland cement concrete 
cured, in. air#.however#• was m <% i M t o r  than that cute in 'water* 
while to reverse m s  noted for. rsgi d hardening' portlsnd eament 
concrete*.-.
. , ■ Ihile I t  appears t o t  t o  .major .portion of t o  creep- is  
tesed  through viscous and crystalline How, to re  Is evidence '
which would Indicate tlmt a portion of the total How assy he due to
flow in; bond between the gel and the aggregate* just as th e re is
flow between. steel ,m d  concrete., in reinforced concrete* This
preves,, as already .Imtiomd, tlmt-the grs^tion* size .and mineral
Character of aggregate- affect - the Talue of flow of concrete to a
large exteht*. - ■
, d ^ Hie difference in flow of concrete of aggregate1 of
different mineral diaraeter is clue to the difference in hand
between the gel. and the .imrious a^reptes* ; The flow of concrete
hairing the finer gradation of aggregate is less than tlmt having ,
a coarser gradation of -eggi^ pite^  the reason beings** .
1* : The concrete, bmving.. the finer gradation of aggregate
has a. relatively smaller amount of gel .around each aggregate than
tlmt of the coarser gradation* and consequently the viscous How
of the former, is less .than tlmt;Of the latter* .
2.... .Hie total surface areas of .the aggregate- particles are-,
much larger for ..concrete, of. smaller size ■ aggregate - than for
*
concrete of greater s iz e  sggrepte*. the fonaer having greater 
frictional ..resistance 'to the movements- of particles within the 
mass* Conseciuently, the How in bond between the gel and the 
aggrepte for tbs former -concrete is less, than tlmt of the 
latter concrete*. .
This does not mean that the creep of concrete under
loadjsay not be partially due, to the. seepage of the colloidal 
water under load through. o r 'in to  'the gel* ■ ■ The loaded spec tens 
of Tests 5 end 0* 6 showed less Increase in length than
. te ur4o04ed specteais when cured in water after having been cured 
■in air after unloading* m  shown in' Hg* & J# 'page 148* This may 
indicate tlmt .the wafer content in the gel of the loaded specimens 
m s  M|#mr...than that of ;..the unloaded specismna*.' '
0 H A P  T m i  YV - 
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. In authors opinion It iBJHHeadlnii; to um  to 
. values IM  & t ’l %  to ratio of the
modulus of elasticity of' steel to that of concrete coxmBrly used 
In practice* .Be considers tot it la: preferable to use to ' 
% em ' Wfectlve M^^ar.-imtio^* ;' Actually to ratio of to 
.modulus of elasticity of steel t o  th a t ,  o f concrete 1ms no use 
at all la reinforced concrete design except for calculating 
to' elastic m o m e n t due to instantaneous loading' m d  especially 
for calculating to elastic recovery clue to unloading* The  
value of to Itilffectite l&dular Bation depends on to curing 
conditions. of . t o  concrete* t o .  percentage of. reinforcec^ ntf 
to) method of allying to load|- the age at loading* end mary 
otor factors*' inaludir^  all tose y fa id k affect to Creep of 
concrete* - .
It is aimzing tot engineers use to. same value of 
12 or 1J in designing water retaining reinforced concrete 
structures-iton tose values are actually for. use in designing
'structures such as bridges* toildings*. etc. -, -It is-quite clear - 
"that the period elapsing between css^ ioeiaerif o f .construction . 
and ^ plication.o f t o  total ted aid live loads . is considexmlaly 
less for. tlm.former ti?pe of: structure to n , for the latter* . Hie .
. time required to f i l l  a. teic w ith water Is merely a 'matter Of 
. hours- and .at t o  .most a week# .., This memo,that . t o  to ta l liv e  
load t®!2UL-,'lbe. -s^ gpXied Actually* in  a.-ease o f' ’
a c ircu la r reinforced ■conerete tank, above to  ground* and to - sides 
not subjected to. any pressure ty  earth covering the to ta l loads 
; acting;on''its, s ite  'are -only: t o  ,X iw  loads due to- its  water 
content. ■ : -HteeforeV'- t o  effective. W&&XL&V ra tio  cannot to  o f - 
the same value as 'to t  used, in  o to r types o f reinforced concrete 
structures.. e y
■ 1 ■ Tlxis paper presents 201m tests carried out by the -author ' 
, to, obtain the: value of. to #JfiectiV8 liodulsr Bstio*1, that can to 
used in designing reinforced concrete, .structures, for to storage ' 
Of liquids. .
Besulta o f tests in  tension on ounal Portland cement 
concrete f o r a i r m d  dry curing am shorn in  Mg. 104. The 
■ specimens mm  iden tica l to.those used fo r tests in  CShapter 1X# 
and wexu reinforced w ith a steel rod o f §**. a t, to  centre, as 
. to m  in 'lig ^  ,105* . t o  iiix m s  Xii§f3§., {W- volume ^  .and of *54 
watervcenmt ra tio ' ■ Specimens were removed from
moulds 24 hours a fte r casting* and mre, e ither cured in  a ir  and
o i i v a  av inocm
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Tension T est
F ig u r e  1 0 5  — Fa i l u r e  o r  R .  C o n c r e te
under  T ensio n  .
tested dry* or cured i n  water end tested wet# as stated.
'At M , .days old the load was applied at an im m m n t  
Of SJJO-lbs* every two Mmiea* and the ^tension of the 
specimen m s  measured hy the eictensiometer shorn in- Mg* 
page 136. $ba stresses in the steal due to Hie applied loads 
were calculated from Hie readings talcen of the extension of the 
the-modulus of’elasticity of steel'as. 30 % 10^ ■ 
lbs. per sq. in. and Hie concrete stresses were calculated from 
the raiBindsr of the spplied load .not taken by the steel* this 
is based on the assumption that no slip occurred between the 
concrete md the. steel®which, assumption'll quite correct in view 
of "the looks provided at 'each end of t e reinforecrBnt. . id so 
the leadings of tie moYcnents due to loading did' not' show such 
slip* :. Mg*'106' iiiGWS. the relation between the total applied . 
load' a M  the concrete and steel stresses obtained from typical’ 
specimens' for air and. dry curing. . the calculated ’ effective 
imtantaneous imdulsr ratio obtained from the results for both ■ • 
air and water' curirg are dearly shown in M g * 104* ’ It ’ should 
he rioted tlmt the' relative increase in the value of the modular 
' ratio m s  much M#ier for air curing ten for water .curing*. due 
to the fact that the creep of normal Portland cement concrete ", 
is relatively Maher for air m r in g  than’ for water curing*
It will he noted that the concrete of to p^edsaen .
2 2 2 .
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R e i n f o r c e d  C o n c r e t e  S p e c i m e n  i n  T e n s io n
cured ih'mfcer was under initial ccsspressiye stress and Hie 
concrete of the. specimen cured in air was under initial tensile - 
stress® and consequently the total tensile stress -of the concrete - 
cured in water wasmehless than that of .the; concrete cured i n : ' - 
air* "’ Hie Value of the. calculated estiva IbcMar Batio1*' is : , 
almost entirely .effected ly the. initial 'stresses in both tlia 
concrete;, and Hie steal ifeieh Initial stresses are affected ty ' ■
Hie curing conditions®. the dimension of. the mass® Wm percentage . 
of reiMoicement# the water content of tbs concrete® etc*®
It ia rather interesting to mention that the effect of 
curing upon .the1 strength of the specimen m s  vexy considerable* 
fkm w n ,  ’ultimata strength of the specimens cured ia air was - 
ls900-Xbs* while that for water curing was 2*650-113. which ia . 
40. per cent higher tto m the first value* : Hie specimens cured ■ 
dry failed infhe middle tiiile those tested wet failed at the 
head® m  ahmrn in  Mg*. 105® which indicated that the head was . 
not sufficiently .reinforced, and that, the part of the specimen 
under test was actually of higher strength'than the value . . 
obtained from tests* .
: fig* 107 .Bhows the effect. of the mstained tensile 
stress on the value of the *!&fftectiire. Ihdulsr.Batio^ * . the. 
curve shorn was. obtained V  calculating the values from the ■ 
results of the effect of creep of concrete upon the redistribution 
of stresses from the concrete to the steel*- feat Bo. E* G. 11*
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TIME. IN DAY S  FROM LOADING.
F i g .  1 0 7  —  E f f e c t  o f  F l o w  o f  C o n c r e t e  
u p o n  t h e  V a l u e  o f  t h e  E f f e c t i v e  M o d u l a r
R a t i o .
■ Hg* 103. ' . It is rather interesting' to note hem the creep of ■’
. concrete: eomiderohiy affects the value of Hie l^dular
Patio*** and that Hie longer Hie period ox sustained 1qs4 * the 
higher is the value of this ratio* ■ ■ line value of tills ratio ■ : 
obtained after reloading Hie specimen* as previously mentioned 
in Chapter 17* was 12*6* :;' This M ^ r :xmine, m s  a result of the. .
■ co m p m m ire . stress in the- concrete due to creep daring Hi© period' 
of $1 days under sustained. tensile load* as stimwi in fig* 10.3* '■"■
■ Mtlmgh. one amy point out that the flow of concrete h m  
m  ‘effect upon the value of the. active JSodulsr Hallon used in 
designing this type, of stxucture* the length' of the period of filling 
tlia type of structure with, water has a great effect upon the ■ 
value of this ratio* . Hie longer the period of filling* the 
1 Mghsr the magnitude of .‘tlia creep* and consequently the higher 
is the magnitude of the' redistribution of stresses from the •
Concrete to steel* also the hlglier is the Value of this ratio*
■ ; ■ /j^ tually some ©rimers imifcB. a practice of ^ ecil^ing
a long period* usually .a fortnight* ■ vim filling these structures 
'for the first timef this* of course* tends' to increase t M  value
4
; of the E^ffective Jfodwlaf Batin** iogsome'client* ' '
hhe hosizonfcaL p m & m m  ' applied to' the vertical, ©ides 
of a tank is in the'proport ion; of thescjuare of the depth of the 
water inside- the tank* and consequently the applied tensile 
stresses in- these ©ides' are rouifily in the proportion of the '
square of this depth in to. ease of circular tanks* end roit^ bly 
in to proportion. of to cube. of to depth in the case of 
rectangular tanks* \ ■ If to tank is filled by a constant flow 
|i.e.* to depth,of to mier insidi .to: tank is in proportion 
' in to time taken}*, to-: rotation, of. time to to. applied tensile. ; 
stresses in, to vertical sides of to circular' and rectangular- ; 
tank will he as.'tom,in Mg* 108*
,; It mllbenGied tot to. imgni'tude of flow of concrete 
during approximately to first three** charters of to time, taken ' 
in filling to tahk* is relatively' small* to reason helng that ■-• 
't o  stresses, in to. concrete are very, low* \ . :M  a result of tM s ' 
it is a©st. important' to .fill, to tank to 'ttea^ cparters of. its ; 
depth within a tort time* say s. day. or so* and complete the 
filling in as long. a. time m  is conveniently possible* say a 
fbrtni^it or so* in order to ©How a redistribution o f stresses ; 
f ro m  to concrete, to to steel during this period before, to- .. 
total loads, are .' tolly t7M lied* .;, %  th is  .recKScrended method . . 
•for filling to tank to. value of . the- active Ibdular Bxtio5* 
will presumably te higher ton that t o  to, filling to tank, by . 
a constant flow* .
Hie author carried out. tests to obtain to effect of 
.to recciifiBnded me tod m  to value of t o  Effective Ibdular .
■ BsfiG11*- flie tests were mainly, on two loaded and one unloaded ■ 
.specimen* ■ t o  specimens were -of to same tope and dimension
2 2 6 .
as time used in  creep tests f tu t were reinforced at tlia eantie ■ 
id tli a f^ in, cllasieter steel t©arf and provided with hooks at each 
end* pie concrete consists of normal Portland csreiit, Themes
Talley sand, and crashed fhames ballast graded to ■§# in the
proportion of Is lf tJ l (by volume J. and of mterv cement ratio of 
*%4 (ty wei#xt)* fhe specimens' were cored in Mr* if ter 28 days 
for loading were sheeted to the, loads shown in. Mg* ■
Pie method of cpplying the loads for feat Bo* E* G* 111 was
to represent the. relation hot we* n tic-time and the loads on the 
Vertical. sides of a circular tank re aid ting from filling with . 
wster at a constant flow, while the method of applying the loads 
.for feat lo* E* 0. V f m s  to- represent the relation between time ■ 
aid loads die 'to. the recommended method of filling* tJMortumtely 
it m s  found wry expensive to. apply gradually increasing loads 
representing the two methods of loading, and it m m decided to 
increase, the applied loads erery 24 hours in such a rsnner as : 
m uId gtwe tlia rBgnitude of .the loads due to the tm  methods of 
loading* Hie readings before, and. after incfeasing: the loads 
were, taken on both the unloaded and loaded .specimens, and were 
recorded in  Appendix 3Sb# X. The stresses in  the steel due to 
the applied loads Were calculated from the difference in  rmwaraent . 
between the loaded and unloaded specimens* ■ . iMs is based on the 
assumption that the mcnremente of the steel due to loading are 
nearly the same as those measured at; the surface of the concrete
1 0 9  - —  L o a d s  A p p l i e d  o n  Tests  N o s  
R . C . 3  & R. C. 4., R e c o m m e n d e d  M e t h o d
f o r  F m I M G  T a n k s  r o p  t h e  F i r s t
ea t %§.m m  s lip  oeay;tmi% In te rn  t o  i t i i l  t o  $&§€&* ■
?Mdh Is  cjjito mmo% m  taui& tils  mm m% o te rm i in  
cpacliims $f fosfe Boo# &c, I m iI fyl* XI* t*8 •
form al t/lfe  svtsol fe tes to in j,  bq 1’ixfes c;l t l  * l r  c&ac*
Z  > &<xoul&tcd taioilo In  its  <rx&«xM s$«i
t0xs ©V-C3L eiiu. t o  a:louU te&  v s to s  o f t&rJr *Zffccfci7$ tedoXor 
X nto« «sro r**r»  in  tfeUoo IBs* n  a r t BIX fa r  fe ta  Ifcs* .,»C,I11 
■mI luc* ,If ;u c^tiga^* t o  iiillil. toterrrp ntresoo# $ m  ■ 
t o  t e & r t  fipeciiaoa o f  Stefc Be# n , C* 1Y tvore lu ijh e ?  t t e i  to s m  
o f t o  c jo o r jtn  o f  S e -t 20*. iWv* H I *  t u t  11 I s  fo x y
tatsi^ ijjj^ l- it not# tlmt its riiss if to *i£feetlV3 teiilej*-
ifeor oBtrirui from foot La* iw 0# 111 ras teresooi tein£>
io a d lfif. f |» 4 * 4  I t  7«6* \^dXc t o t  fo r  ftegfe tft#  11* §* I f  usa 
teroaaei frcsu 8 to 10#4* fcr if tor to ltw&rt
epcicton for foot is* k* 6# III fc£l$4). to 'iiitooio-i c^ jectam 
m s  oul$«cto?i to m  terOrMac; imtanto^s^mn tod ml  . t o  i&fc&nts 
®tma$h o f i l l s  ispactem raacte t r l t l i n  15 r im to *  I : r  
to  telrc loalisc^  to .ow£«^2dia£ mnottit tttl
at cot streo^0# snX to r? X u m  of t o  *^fcetiw T ^ iM jm  Batlo* 
mm  oc& a& nto* t o  d ifioroB ce ciuo I t
d,]X'to ttos of loading m m  ml  o lla ln s te d  fc>K to fetel ■ 
mflfxar%$% . i t  la  i  t l 1 r  l£i®3®8fcfe& to  m l©  t o t  t o  oc4a^oted 
ts te t o f t o  Boat'll tar Bafclo* te in s  loading » irs d
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the method o f lin in g ' the. rn te r retainixig reinforced concrete 
structures fo r the f ir s t  t im  effects the Talus of. the. ^Effective 
M&XLax BfrtlQ**'. ' ,
. m m s n m m  v.qm m  ts s s tm  seess o f c jo ira m  
. » i v mu m r a o  sob a u a r ^ m s  m  m & m z m  
' rjx> o f tc s n m m ) co m cm  wbsbl H ffiiim ia
s m iO T is s  i®  BssBD o f H L L iB i tcesis m m m m  IOE m
... roue i m .
• ■ stress of concrete f^ r^ cslculatliig 
the resistance.to cracking siiould not,he- taken b® m m  than 140~Xfe* 
per.nq#: in»;,Ibr m ^ b e m  under direct tension and SJO^IM* per sq* 
Pin*., for -masters under lending# of : the:. recoimrjended, non®! Portland. . 
cement concrete mix of lslfsjt (h/ irolisiie) and. ofrdnmim. m ter 
content sufficient, to imintain pi^ t,ioaX...--iiiojds^ tliV*
■;. Hie tiiBC. talcm, in. filling .these structures fdth mter 
for .the.first .fine should be m  long m  conveniently possible, end 
the £2ot. of Tatar should. he such Coat tlie first, quarters of
the-.total. espseiKgr of the. fork is resclmi in one or tmo days, a 
fortnight or so being taken .for t  UXing the. rcsminder# ■
,:.1ha:iraiue of .fiie;. Wfectfcre -IMt&sia? Batie* stiould not be 
taken as jnore ttan 10# provided that the tine taken in filling the 
structure ■with, mter for the first %3m . is as previously 
'recoMiBrdedf'. .-
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*H*<j 0
s ll ^C5S P* le f t B ight :iean. 1 le i
Itey3.Days. "Beg.; Bahr* .0002 Xneh U n it.
11 . 5.33 7*00 p*Bi* 7 57.6 6 3 .0 73 18J.3 5 5 .1 120.2 . 89 .
12; 5.33 XX* 45 s.*Ei* 8 w 5 7 .3 6 3 .8 68 184,2 53 .2 118 .7 , 1 .5 86.
13. 5.38 12*41 p*m* 9. m’ 5 9 .6 6 4 .7 77 I 84.O 53 .0 1 1 8 .5 1.7 87 .
13. 5 . 33 7*X? p*m* 9 • 61 . 4 6 9 .9 78 1 8 3 .2 52 .9 1 1 8 .0 5 2 .1 5 87 .
19. 5.33 11*53 15 55.8 6 2 .7 70 172.9 4 3 .3 110.6 9 .6 79.
20.  5» 38 11*5 5 SL^ 16 - 58 .2 6 3 .8 73 1 7 0 .8 4 7 .0 108 .9 11J30 77.
23 . 5 .3 3 2*30 p.m. 19 ■ ♦ 6 0 .9 6 4 .5 82 I 67. I 4 7 .0 107 .05 13.15 75
25.  5*33. 10*30 sum. 21 - 59.1 64 .1 77 164 . I 4 5 .0 104.55 1 5 .6 5 72 ,
25 . 5 .3 3 5*00  p jb . 21 — - 164.9 4 4 .8 104.85 15.35 76
26. 5 .3 8 11.45 a*m* 22 1 59*1 6 2 .7 81 I 65.O 4 6 .0 1 0 5 .5 14.2 78
27. 5.38 11 • 4 5  a*m*. 23 2 6 0 .5 6 4 .8 80 163 .O 4 4 .4 103 .7 1 6 .5 76
36. 9*38 ■ 7*00 p.Ei* 26 5 3.4 6 2 .7 79* 1 5 5 .6 4 4 .0 10 1 .8 18.4 76
1 . 6 .3 8 7*00  p.m. 23 7 6 0 .9 6 3 .0 89 158.5 43*5 101 .0 1 9 .2 76
3 . 6 .3 8 12.40 p*in* 33 ? 57.6 6 1 .8 79 155.5 41*9 98 .? 2 1 .5 73
9 .  6 .3 8 11.40 a.m* 36 15 62.? 66.1 84 153.7 41.7 97.7 22.5 73
16 . 6 .3 3 12.45 p*m. 43 22 6 2 .7 66.3 82 146.8 .'38*0 9 2 .4 2 7 .8 67
6 . 7 .3 8 7*00 p.El* 63 42 ■ 61 .1 6 5 .2 a . 140.0 3 0 .2 85 .1 35.1 57
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26. 8.38 4.00 pan* 114 : 93 64.8 66.6 90.O 129.I p .o 84.55 40.65
3U  8.38 11.00 a*ia* 119 98 60.9 63.0 89.O 128.9 30.0 79,45 40.75
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IS . 9.33 ' 2*4$^  pan* 133 117 a .2 63.2 90.0 127.8 .'33-2 79-5 40,7
5.10.38 7*3.5 pas* 154 133 64.1 68,4 80.0 122.1 29.3 75-95 44.25
7.10.33 12.00 noon 156 135r 63.O 67.0 8l.O i a . i 30.0 75-55 44.65
14.10.38 8*00 p*m* 163 142 67.3 70.2 86.0 117.4 27.3 72.35 ' 47.85
26.10.38 7.33 pan* 175 154 64.5 69,8 76.0 113.0 25.2 69.1 5L.1
2.11.33 12.00 noon 182 l&L 62.7 68,7 73.0 110.8 24.2 67.5 52.7
16,11.38 7* 30 pan* 196 175 " ■» 57.6 *» 109.7 24.9 67-3 57.S
■ 28,11.38 8.20 p.m. 208 187 6 0 .I 68.4 63.0 106.0 23.2 64.6 55-6
2.12.38 4. 00 p.m* 212 191 5?»6 67.3 65.0 104.2 ' 22.6 63.4 56.8
. 5.12.38 7*40 p.m. a s 194 57.6 65.9 62.0 104.4 22.5 63.45 56.75
7.12.38 7.30 pan* a? 196 61,6 68.7 69.0 102.4 a .9 62,15 5L05
12.12.38 7.30 pas*- 222 m 62.5 69,6 69.0 103-1 .22,3 62.7 57-5
19.12.38 6.10 p.m. 22? .208 52.6 59.6 64.0 99.0 20.1 ?/.55 60*65
9 . 1.39 9.00 pan* 250 229 59.3 65.6 73-0 105.1 25.0 ' 65.05 55.15
25. 1.39 ‘7* 33 pan* 266 245 55.3 64,3 5S.0 ' 97.3 a .6 55.45 60.75
27. 1.39 7* P 268 247 58.7 62.0 62.0 95.9 a -3 53.6 a .6
1.  2. 2? 8.15 pan*. 273 252 57-3 64.5 65.0 92.8 19.7 56.3 63.9
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2 0 .  2 . 3? 0 t.E'» 282 2& 64,3 70*3 73 5 5 .9 a .2 53-5? 6 1 .6 5 3
17. 2.2? 7J.5  j>*h» a?? 2© ®»5 72*3 .531 §2,4 1 9 ,9 56-15 6 4 .5 3
22. 2 .2 7-30 p»s. 294 273 6 0 ,3 65,5. 7 2 94.5 15.1 55.8 6 3 .4 3
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23- 3-3? XO.J! *wa. P 3 302 ■ 51,3 66,9 . 77 90.0 13.0 5 4 ,0 65.2 a
23. 3-39 & ©■
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' 31* 5.39 7 * .» P A . 333 65 66.X n 95.0 2 > 4 64.2 60.5 2!
14. 6 ,3 9 4*00 p*sv 402 73 5W» 64,7 7 2 sa.o a ,  5 ■36.25 63,95 &
a .  8 .3 9 7*00 p*m* 409 86 f it . t 66.2 75 9&.0 25.0 6a .5 r ,.o 2?
• 7 .7 .3 3 4 £ f 102. 61*2 69.0 66 96.0 r£.o 61.0 55.2 2£
24. 7*33 3*00 p*sv 442 113 f* 64*5 72 95.7 26.9 & .3 53 .9 se
'■.30.-0.33 2*00 P*EJ* 47? 1 5 S 63*4 60,3 7 3 31,2 65.1 55.1 33
a .  9.2? ^ 31*30 a*ra. 53. 173 S3*a 62.0 & 9S.0 32,0 65.0 55.2 3
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16. 1,40 X0*4v a s m ' $0.7 $f .v a 84.0 344 57.7 • 62.5 a
f  1  $  f ir c* a*
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22. : 6.  33 '28 «* 65.3 71.6 III 9^.8 120.3 110*32 0.00 2
23. ' 6.38 9*00 p *K V 35 «#s 6J.0 87.3 lot 92.2 113.3 .102.75 ’ 7.55 3
14. 7*33 3*00 p*®* 53 <■» 62.3 65.4 85 85.2 106.9 96.05 14.25 1
20.  7*33 3*oo p.®* 56 ' . **■ 64.1 65.6 S3 «5.9 : 107.5 96,7s 13.60 1
2$ . 8.33 4*00; p*jb* . . 93 . 4* 64.8 66.6 50 77*4 99.8 0EJ.60 a .70 1
31.  1.33 11*00' €MH* 98 «K £0.9 63.0 <4K J ' J 73.2 ic i.0 &9.60 20.70 1
13. 9.33 XU JO *^fn*: 111 63.0 65.2 £V* 79.6 103.2 51.40 18.9 2
-19. 9.33 2*45 f* s * ' 117 ** 63*2 61.2 90 7Q.9 m .6 §W.£j . 20.05 3
.5.10.33 7 * lf  p*ia* 134 - «H 64.1 68.4- 80 75*2 97.0 . 86a 24.2
7.10.38 12*00 m m 136 -** ' 63*0 67.O a t 74.4 96.9 85*65 24.65
'
19.10.33 7*30 p*i3#-. 143 * 6?,5 51.6 63 51,0 92.4 ■ a .70 <**a- /» s
26. 10.  38 7«P 155 * 64.J &9»8 76 69.  & 90.0 79.53 35.3 %7
1601.33 7*30 P ^ : 176 • •m 65.6 71.6 78 66,8 S3.3 77.35 32.65 ■ C
23.11.38 12*00 noon 183 ■m- 64.1 6 6 m  6 ■#v* 62.7 84.9 73.30 3S.53 ■rt
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23*11*33 12* 00 m m 183 '64*1. 66.6 © 62.7 64.9 73*83 35. m 94*0
34*11*33 12*00 m m 184 1 fe*0 67.7 • 65 61.2 65.f 73*85 3 *^4^ 95*0
30*11*38 ■ 4*00 p*?s* •■ iso 7 *#* •OS »■ 62.2 84.5 73*35 35.95 95*0
' •4*O0 p*fs*. - 192 9 S5j 6 57*3 65 62.4 84.8 73.60 36.70 95*7
7.12.38 ■7*33 p*«v 197 14 61.6 63.7 % 62*3 84.4 73*35 36*95 95.1
11. 1*2? 7*23 p^s* 232 49 57*9 ’ 64.5 63 62.2 £-4.0 73*10 ■y? * i „ ) /  »c. 95*6
25* 1*39 7*30 P'*£2# 245 53 64*3 58 58*3 80.3 6S.3 -4*0. fl.f
13* 2*35 7*3>PJE.- ■82 ?S.8 66.6 69 a%5 73.2 67.B5 42.4-5 $0.6
17* 2*2? 7*53 f*m* .269
ft/Cm £?•? 73*9 S3 54.6 75*5- 65.25 45.05 87.8
1. 3*39 0 * 20 p*rs* 281 58 64*0 63,4. 63 55*0 76.1 65*55 44.T5 5.4
Ifcsgid hazdming xortlaM  342*4 m lvm }
1 : Wate^c^nl latie ** *58 
; t o ^ d  %n  a i r .
■'4ga 'at ;loatoig * 21 dagr©.* ■
Total sustained tensile  load *  2f0OO*Xba. 
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: lean eonipreBSiira strengtlit# • 4» 410-lbs*/ sq# in*
. MDdxLtB of. lla s tie itp *
’ - I t *  at 47 days » 4*J7 X 10^ lb s * / sq. in*.
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>
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. B m * .0002- Sadi Balt, ■
0 ■%% ~jA 7.00 p.r,;. id ** -m- .71.6 :m: 310.1 06*55 93.4 .51*1
<£«4i*-# JLtfl*-#' ■ 7.3D prfa* If' m «S* IO6.4 Gl.6 94,0 4.40 45*:
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P* m m O
*M
" 3
£4
00jH®
txo1 .
»o ©©jg 
© 0 q©
-w  . .L e ft Higiifc . lean le f t E ifilt
•
Beg. . P slir * ♦0002 Inch U n it. •OC
1 9 .6 . 3 7.30 $ 59.0 59.0 84.1 3?-5 58.3 43*4 21.7
20 .6 .3 9 7*00 p*m* 6 60.2 60.2 89.4 33.9 59.69 1.35 49.1 22.0
* 21. 6.39 7*00 p.m* 7 «»• 89.9 34.1 99*8 i . 9> 49.9 22.0
22. 6.39 7*00 p.m. 8 61.5 61.9 89.4 34.0 ..59*7 1.40 46.2 21.4
23. 6.39 7.00 p*m* 9 61.2 61.2 86.9 35.0 60.79 2.49 46.9 22.5
26. 6 , 3 7* 00 p.m. 1 2 58.0 53,0 87.0 36.0 61.9 3.2 48.1 23.6
28. 6.39 8*00 p*m* 14 61.7 61.7 86.2 36.1 61.19 2.89 48.8 22.9
3.  7.39 8.00 p.m. 19 «»' ; 86.8 33.0 62.4 4.1 48.O 20.8
4- 7.39 7*20 p*m* . 20 / ■. -- - 87.8 39.0 63.4 9.1 49.7 21.2
5.  7.33 6.00 p*m* 67.0 75.0 88.0 39.6 63.8 5.5 49.8 22.5
R '■ R « 67.0 75.0 88.0 39-6 63,8 5.5 55.3 25.9
6. 7.39 7.OO p*m* 22 1 - 89.0 4L.3 69.19 6.89 57.7 28.0
7.  7. 39 6.20 p.m. 23 a 65.0 66.0 83.0 40..3 64.19 5-85 57.2 2 7 .I
10. '7. 39V 7.00 p.m. 26 5 65.0 69.0 88.4 41.1 64.69 6.35 58.1 27.8
24. 7*39 3.00 p.m. 40 19 63.0 63.0 88.9 41.6 69.09 6.75 60.0 30.0
m m  off B/uaa jiaeiesiug io ke ls©  a ^ r * r  oomchehs m  m sxau  'roH nsr cu re
Time ,:T r^apeEatore..- Unloaded Specimen. I
in
Bays.
iJeg. liao r.
Instrum ent Readings, Instrument
tim e, •
Pro
m 
• 
C
as
tin
g* •
SJ-i'P
a U
nlo
ad
ed
Sp
ec
dm
&n
j ti......
•tt §
m;. 0 Q G>4  9i cs ijC ilj K iaht Mem
-B
§
le f t Fag
lays* Bsys* Beg*,' is te * .0002 Inch U n it,
10. 8.39 1.20 p.m. 57 ■■36 63.6 63.6 % .3 43.1 66,2 t7.90/ 62.0 31.
23. 8.39 1*30 p*iru 70 49 66.5 66*5 89,0 43.O 66.0 *?.70 63.0- 32.
30. 8.39 2# 00 p*m. 77 56 66*7 66.7 89.0 43.0 66*0' 7*70 62.5 33-
4.  9*39 3*00: p*m* & 61 66.5 66*5 88*9 4 3 .I 66*0 1r.70 62.5 ' 33-
7. 9*39 2* 00 p .m* 85 64 65.0 65.0 91.1 ■ 43.95 66.15 r^.85 .. 62.8 ■ 33.
21. 9.39 11*30 a.m. 99 73 61.0 61*0 92.0 45.2 68.6 ■«3.9 3 ' 65.0 34.
6. 10.39 11.00 a.ia* 114 93 57.0 5?.o 91.3 46.0 68.85 8.98 65.2 34.
11.10.39 10*00 a.m* 119 98 5$.o 56.0 92*9 47.5 70.2 1C)*53 66.7 36.
17.10.39 11*00 a.m* 125 104 55.0 55.0 92.9 47.5 70.2 10.53 67.0 37.
23.10.39 11*30 a*iB. 131 n o 51.8 51.8 92.3 47.O 69.65 c?.98 66,8 36.
27.10.39 11*30 a*m* 135 1 1 4 5L.0 51.0 92.3 47.9 m i 10.43 66.9 36.
l . U .39 2*30 p .m . 140 119 52*!? 52.5 91.8 47.0 69*4 . ch73 66.0 35.
20.11.39 4*3 0  p .m . 159 ■133 56.5 56.5 91.3 47.5 69*4 cJ.73 66.3 35.
27.11.39 4 *3 0  p*m . 166 145 54.7 54.7 91.6 47.9 69.25 c),6 67,0 35-
7.12.39
7.12.39
3.55 jw b . '
«
176
»
155
l i
1
IP
1
53.9
1 ■'
.
1*
53.9
1
90.0
90.0
47.9
47.9
68.95
68.95
9.28
9.23
67.0
i
|
62*8
j
35.
31.
8.12.39 7*00 p*m * 177 58.0 53.0 90.8 49.1 6 9 *9 5 10.28 164.51 31-
M m  o f HtSpiD ibhdsnm i K a a m r-q a s a s i oqhcbees ib  hsisiqh to r  h s t cuke
IK'.te. Time*'
Time
In...
Days-*
Beg*.. P rte*
Unloaded Specimen* 2
Instnansnt Readings.
#.
12 
$ :
1
Instrument
H4*pq£S
a
O
£
II
00 r~} O« Pjp£/2
■tj § ■ .S- ' ■
<0 OQ ©
le f t E ight ■Mean B a ft rd-
. . . . .
BaysJfeys, ► Beg*. M a r. .0002 Inch U n it*
11.12.39 5.30 P*2B. 180; 4 / 59*2 : 59.2 90.6 48.7 69*65 $*98 64.0 31
13.12.39 11*30 p.m* 182 6 5M 59. 4- 91.0 43.2 .. 70.13 10.43 63.0 31
15.12.39 5*00 p#m* 184 a 58*5 53-5 92.0 49.2 70.6 10*93 62.0 30
18.12.39 3*15 p *ei* is? u ■54*2 54.2 92.O 50.0 71.0 11*33 62.2 33.
20.12.39 4*33 p.m. 1 ^ 13 57.0 92*0 49.0 70.5 10*83 a .  5 30
2.  1.40 1*00 p*El* 202 26 45*0: 45.O 92*3 71.55 11*88 62.0 32
f  E . S f  S o ,  c.  8.
Uoimal Portland cement concrete l l l - | l3 l  (W  ’Wlume)
m % io « *5 4 ^ e ig h fa ) . ,
■ ( to ld  in  & !*v
.; Am  '«& loading '
» ’
- T o ta l snsialB^d te n s ile  .lead-*- 2*40CKLbs#,.
S tr^n g tb t*. . ■ ; ; *, , ,. ■
lleati a t -28 dpgro » % 3^1bss*/ '®Q* $&*
/ fansdia strength *#.*.*.**** a t *fl M jb .»  3^0 . n ... • w
IMtos of ■
I t *  a t 34- (tear® & §*% x  10^ ib a */ iq* in . 
: » 76 « . 6,05x 106 *' «
B .8?..* . ,.«6,2.x id®. " "
F L O W  0 r  ItAP I B  B A S I S g I M 6 P O B I I A !
■ ■ ; I B  I E I S I Q 8  F O R  D R Y  I
I B  S  I  H  o .  C .  8 .
Date* Time*
Time
in
Days.*-
Temp
Beg*
erature
Bste*
& -P» d
*ri+»«CSO^ Tf,
PmWPi
Unloaded Specimen. ‘
InsJInstrum ent Readings.
11! • 
; 
-
■ ' $
g + 3
P ® 
WO.
s i
r«l P
3
V e t
m v o
Bxy
•Bulb* L e ft : ■ E ight. ■ Mean ■ ■ Le f
Days,Days* Beg* Bahr. .0002 Inc!x . U n it.
30*10.39; 4*0 p.m . ‘ . 5 m 49.0 ..- 52.0 67.4 114.9 91.15 96*!
31.10.33 2*30 P * ® * 6 - 49*5 52.6 66.7 113.8 90,25 0.9 95*;
2*30 p*XR* 7 - 55 .5 7 8 - 66.0 113.0 89.5 1.65 94J
6 .U .3 9 2*30 p*m* 12 -** 53.5 57.5 73 62.9 109.2 86.05 5.1 91*:
14.11.39 2* j )  p*m* 20 - 56.5 .■■'99*7 83 62.0 105.7 83.85 7.3 90*1
16,11.39 4*30 p*m* 22 56.9 59.6 84 60.0 104.0 82.0 9.15 00ue*,
17.11.39' 3*30 p*£&* 23 «K • 4ft-- 60.0 IO3.3 On /  f*ul*6^ 9.50 88* ‘
20. 11.39 4*35 p*B* 26 52.4 57.4 73 53.9 100.4 79.65 11.50 87.:
22.11.39 2.-30 p.m* 28 50 .5 56.0 70 57.9 9 8 .I 78.0 13.15 85.1
. « 4.20 p*m* ■ rt 50.9 5S.0 70 56.4 96.6 76.5 14.65 G3.
23.U .39 5*10 p*m* 29 1 '■■■' 53*3 57.Q 80 58.7 99.3 79.0 12.15 91.:
27.11.39 4* 30 p«iH,* 33 5 ;54.1 56.7 85 58.9 99.0 78.95 12.2 92.1
28.11.39 4*10 p*m* 34 6 51.8 55.1 80 53.0 97.8 77.90 13.25 91.:
29.11.39 3*00 p*is* 35 7 ^5.1 58i 5 86 53.0 98.0 78.0 13.15 91.:
1. 12.39 5.20 37 9 «*- •***■ 59.0 98.6 78.8 12.35 92.:
now  03? sms EQKELAKD C E E a s r o ra K P E IE - E I  T E K E O H  EDH U S T O J K ffl
Tim©
in
Da r^s.
Temperature Unloaded Specimen. -a ;
Instrum ent leadings. In s t
Bate. Tims.' . .
P *r4H+5 jS^ g
0
.
g K "
E'4
§si. CiS
a
Wet
Bulb.
BIST
M b *
<E> t>5»i£ t>+> C2 ‘Hf-f © 4^<rv 0 *fs-| S ■<4 ;3 © L e ft : '/Eight •••• I/Ban
♦*£
1
k
L e ft
Dajrs.Xfejs. Beg. M a r, .0002 Inch U n it.
4.12,39 5*20 p.m. 40 12 33.6 54.5 78 57*0 96.O 76.5 14.65 91*0
7A 2.39 4.00 p.m . 43 1? 5u y 56,8 73 55.0 93-5 74.25 16.9 88. S
11.12.33 5. 30 47 19 - 64.5 - 53.5 93-0 73.25 17.9 OQ-  ^GO# Jl
15.12.39 5.IO p .2U- 51 23 55-5 6J.1 54 51-. 8 85.8 68.8 22.35 84. £
1842.39 3.15 p.® . 54 26 53-5 60.5 63 51.1 84.1 67,6 23.55 84.C
20.12.39 4.30 P*®*‘ 56 28 . - a" •** . - 56,0 82.6 66,8 24.85 83.C
22.12.39 4.00 p«E* 58 30 5U3 53*4 58 93.2 8l.S 66,0 25.15. 8 3 .'
2. 1.40 1,  00 p *Bl, 69 41 49.5 52.0 85 49.3 80.5 64.9 26.25 83.1
%  1.40 1.45 P#Bl* 72 44 48.9 55*3 62 48.0 79.1 63.55 27.6 82. £
18.  1.40 10,45 8? 5? 43.0 57*5 43.9 69.$ 5^-9 34.25 76.:
22. 1.40 11.00 <3>*ia. 89 61 54, 2. 56.8 8? 43.8 69.5 56.65 34,5 76.£
29. 1.40 1*30 p,m» 96 63 43.7 58-35 51 43.1 66.1 54.6 36.55 75.:
JU  1.40 2.15 p.ia. 98 70 97.7 61.4 & 42.5 65.8 54.15 37.0 75.<
8. 2.40 11*35 a,ro. 1(36 78 59*4 67.2 63 42.5 66.2 54.35 36.8 75.!
l 6* 2.40 2.00 p.m. 114 86 55*4 63.9 60 37.5 59,2 49.35 41,8 ' 71.!
19. 2.40 I.3 0  p,m* 117tfrninm # 8?
ft
52.8 60*7 40.5 61.5 51.0 40.15 73.:
#
1 1. 4-5 P*KU
#
tt
111!fto
!=>
ft
»
53*4
m
61.4 60
40.7
40.7
6l .6
6l *6
51.15
51.15
40.0
40.0
69.:
69.1
p 9.00 p.Bl. » i» 5^*4 98.0 63 44.0 64.6 54.3 36. 85 72.
MOW OS' BAUD HftHDESBJG. JbHEMHD GEMST COHCHEE IS  2KHSKW JOH O K
n n
in
Bagrs.
feiTperature 
Beg* M ir*
-/B a te * -Time*
•
.*
P *H £4 -p
<s
■gia E && 0 - ■ 
1
Wet-
Bom
Bxy 
B llb * .
P%*t2£■•Mrf© 4*0 O£TP r.
>•*
:. ■ Bays,Bays. Beg.
' ■ ■
Ector*
;23* 2*40 : 1*30: p*iB* ./ 121 4 58.4..- 64.5 70
27* 2*40 ■;
.
1*30 125■ 8 53.9 65.O 70
' 25* 2*40 1*35 v*™ * «»x<£/ 10 54«0, 63.8 52
4* 3*40 1*10 p*ifi* 131 14 60.O -
6* 3*40 2* p *1!1» 133: 16 55*5 65.0 55
7* 3*40 1*05 p*®* 134 1? 52.6 62.6 5L
11* 3*40 1*40 p*m* 13s; .21 ,. 54*9 62.2 62
Unloaded Specimen.
Instrument Be:id ings. Instnsr
*45
L e ft B ig iit Bean <3a le f t
.0002 ■ Inch U n it.;
42.1 65.1 53.6 37.55 71*9
42.1 6 5 .I 53.6 37.55 7 1 .0
42.6 64.5 53.55 37.6o 71.6
39.0 61.2 50.10 41.05 67.9
39*0 60.5 4 9 .7 5 41*4 67.4
39*o ® *6 4 9 .3 41,85 6 7 .0
33.8 6 0 .5 4 9 .6 5 41 .50 6 7 .2
299.
■ - Z M B t  .3r..o«. .C* 9*
Iloxx>r4 poxtland §&&ttb concrete ll'lf ijl {% volume)
. ratio. »■ *$4 {tgr ■
Cured in iatey
.Age *• '
. fotsi 'sustained tensile load * -2|t4d0*i*i5S*; - 
Strcngt^ xi*.
Hean 'campresoite stre^th. at 28. da^ s ~ sq* in.
fcngilc 0fereng^ i.at.'28. dsar® ■*##*«**.♦.* ’^4' 11 w
Ii3<fenlu® of Klasticitjs* .
It*- at 23 da^ fS * 6#XS xlO^ Jfc®*/ m b in«
« 56 9 a 6.3 X lO6 " ' *
F L Q I  0 1  B A  P I S H A E B E I  I H G P O E H
I E  I E S S I O I  P O R  P R Y
n s i  no, c. c
Bate* f  iroe.
lim e
in
Bays.
Temperature 
Beg. F a ir.
tJiUoaded Specimen. 1
Instrum ent Readings.
I
I
Instnaaenl
if g|
1 ri
i fOjJf
IIp u l ;
.  ■
i iH b 
. --ca le f t . ' E ight ■ Heaa ■
Days.Bsys♦Beg. Fohr. . *0002 Inch U n it. *0002  :
20 .11 . 39 4 .J ) p*m. 5 ' 5%5 ' ^ •5 2 .0 9 6 ,0 49.O . **- 0 ,8 24.1
21*11*39 4 » S p .s . ' 6 <■*> •j»- 3*1 9 6 .6 49.85 .8 5 1 .4 24 .;
22.11.39 2 .3 0  p.is* 7 54 .0 5 5 .0 3-S 9 6 .8 53.3 1 .3 2 .2 24..
4.12.39 19 5 4 ,2 5 4 .2 5 .0 97.0 51.0 2 .0 4.8 23.:
7*12*39 4.00 p.is» 22 53*5 53 .0 ■ 5*o 97.4
5L.2 2 .2
. 4 .9V 23.
14.12.39 6.40 p.m* '.29- . 5 3 .0 9 3 .4  : :
. .. .
5 .9 9 8 .9 52.4 3.4 8.6 2 4 .:
» t* . ■ « ' 11 , ft ' » II n tt• 13.0 2 7 .'
15 .1 2 .3 9 5.15 p.m. 30 1 61.4 6 0 .9 6 .2 99*0 . 5 2 .6 3 .6 14.6 29.
18 . 1 2 .39 3.OO p*m*. 33 * 55*4 55.0 9 .8 9 9 .3 5 2 .5 5 3.55 14.8 29.
23 .1 2 .3 9 4*30 p.®. 35 6 6 0 .0 » .3 5 .7 99-5 5 2 .6 3 .6 1 4 .7 29.
21 .1 2 .3 9 8.00 p.HW 36 7 60 *8 6 0 .2 9 .0 99.7 5 2 .3 5 3.35 lf * 4  ■ 29.
l6 . 1.40 IO .4 5  a. iq. 62 33 554*5. 53.8 6 .3 101.95 5 4 .12 5.13 1 6 .3 31 .
18 .  1.40 10.45 64 35 54.8 54.8 6 .0 102 54 .0 5 .0 1 6 .1 3X.
22.1. 40 XO... 45 a,m. 68 39 52. I 9 -5 5 .7 102 53-85 4 .8 5 1 6 .3 31*
<*«»•/<«» ev$* t^vv^vr ki^r* ?o«o^isr*ww:f n^n1 f^so* r
Vfr >*J>VW Jh fcP'&ls afi.ii* 3 ' J s * - ? - i, 0**Sk*?f*34 W  4fc-#5.«|m«wS *§*.s3i O +Sni&* % X  »W
f i r S3 fa p ^m fe rs * tlittsa& S ^pccasa
in
Dqys*
Beg*
Instasaxst lisaiingE * ta s te
Sate. . . floss*. *
■ P,rl
d
| i f
fal
* .^  q q 5
s H0 0 qt 5;
jj3^ v*^
' &«ti d
XH 
q c>
Vi: S o ft t>? r^ -f-
»- -
1
■i
>«R #«* - IiO fl* •
1i# i
j
i -
3*2^^* is^> *S» XtJ&s**#* sjfc ■ .0002 le d i It*. , ,.#Ch*
29* 1.40 x*30 p .12* YJ 46 :
.
5^*3 5.1 102 *f» X K 4.55 16.0 .
31* 1,00 2.30 p*iB* 77 4&a# S7*o 5&.Q 5.0 101.3 53.4. 4*4 15.7
14. 2,40 2*.# 4 j p . ^2 ** -*» 4*4- ic a .4  . 52-9 3*9 15.4
I f .  2.40 2*00 p*jii*. 9& 67 55,0: 5W3 4*2 102.0 53 a ■4*1 15.8 .
23. 2,40 1*35 |WS# 100 71 ^1,0 6 l*3 4 .4 101.9 53.1 5 , 4 * lf 15.9 •
14. 3.40 '*■> <v% '«. Mi. ■i ©T
£3p -y^
64.8 64*2' 0 ,0 .98.0 4f.O 0.0 -, 11*3 ;:
m
i f *  3*40
■si
5*15 p«m*.
■•ft "
*•^4 's»ifCjfO
£ ■
1  '
» ■ •■■ t*
#3.5
0.2
0.00
f3 .1
fO.O ■4f.O
0*05 
0*00 ;
0 .4  ,
i f .  3.® 1*40 p*m* 125 . 5 6$, ! ' 64,7 u p 99.3 55.4 1 .4  - 8.0
*Vt *3 A** 11*20 &*Si* 127 ; ? 64.9 l^*X 0.90 98.9 49.9 0*? 7 .0
X* 4« 40 12*00, ITCH , 1J3 IS '.55*3 54.3 0* 30 93.5 4p*4 0.4 %£>
f l . S f  Jf a* 0 *10*
w r e t i  lilfijl' -iroime)
■ , ;,W^'^.0TOnt- m %io ® .45 '.
Cured in air* .
. ..Ag0 at'ioadli^ * 20-d^ f. 
fotaL sustained load * l*6oO*rb3. ■
Strengt2ii^  ■ -
. lean compressiYe at 28 da^ s »* 4*9?5-ibs*/ sq. in.
; feneita^irei^tJi *.****.. at 28 days « : 22® * «
Xndulus' p i ISlaetiolftri^  .' .'
6 ■
■ %%+ at 28 days * 6.1 it 10 lbs./ aq* in.
a  a  t  i  s  •  i .  f  g o : t 2 i ,
X : a  r >  s r
• • ' f u s t  i s ,  c . 2 0 ,
» ' . - ,  r l - * • *  >  **■ %r: 2 a  " O a l L “; c a 2 « m *  . ;
3
nww*' *
1 ’
*
W , *
3* ♦:
l : ; : 4 ; x r a : 2  2 o r
-C'v*  ^ M ,
1
i p w j h r t * . .
l t 3 S *  ■
i. . .  j.t
0 $
•*:'*•:
£ 3
* ' " 4 :
&
% . « 1 : 5 -
I* t
« f * 1 i  
* »  0  x -a?"^
v > 5
*»#*■ * # * l e f t l l l l s i I t e s i -
^■1
«
1
' i
X i
, ** a r a - , . * 1  2 ) 2  X  a n s .  1 * :
S f . 2 . 4 0 . 1 * 3 7
. s
w *
*fct^  3.- jf£*.
C . c
m
# a
■j ^  
% W - 1 0 0 . 1 ' * *  ' ' " £
: ^ , 2 . 4 D * X * 4 J  x * c * 7 * S; J J S * v ■ 6 3 » y S 3 3fl5W> t r ^  - c ’ 0 * S £
l a i d  p A 'il -m ■ * * f c . o .’ **- 5 0 . ? 1 0 * 5 . 4 5 7 ^ 5 4 * 4 j £
1 1 * 3 * 4 0 * . 2 * 4 0 m m- S * t f f i a w 5 * 0 1 0 1 . 7 5 3 . 3 7 r? . ^ j w t 5
1 3 , > 4 0 * 7 * 0 3  r * n ,
#»*?**■
« V
6 2 * 3
£ > * >  *"**
6 5 ( J u s ' 1 0 3 * 0
r . n . - ’J *) 
#■■>*-*# a n«3$ 7
a a * 3 M £ V - 3 2 * 4 0  t - * n *
■?**-
% j? S 0 . 4
■f- •<* 
* « - •  > S3 G 0 . 2 ? - ' * ? VJ+jJ*f«s e * ^ 7
2 * 2 5  J M ^ -
, 5 3 . 5 i ? * X 63 rJ ' W * ^ 5 5 . 0 0 7 . 4 3 1 4 . 7  ;■ -ifC
X * 4 * 4 0 * i x * 4 5  r ^ *
*%
« * *
a s A^*Q: ytj sf.*t * v * 5 a s 7 3 * 0 f ^ O C 5 . 3 1 7 a  ' ■I
X l * 4 * 4 0 * 1 * 0 5 o m. t *r* 4 V ) 5 1 ? c * o 5 1 . 0 a o . 5 O U 6 £
l £ * M O »
**5 j;jt 
ilJ # S w  %? ^
*0■S* ■as X * 3 *J)*J 5 3 ' i / - w S » 2 5 1 . 3 S v . 5 2 2 * 5 ■4
X 3 * e * c # 1 . 3 3  I :* & m y £ . 5 C«J ' P ^  j > * 0 0 > 3 f 7 » f a i * 6  / i
#•
4*0;;..-#^#- * i w # 1 . 0 3  l . n * I j O ■'32 f t ;  *l V * - t 2 * : i 73 L ^ * y 5 0 . 7 ^ *9 S.si*2 <
Ju* *t V# m -CO *r 3 5 . 3 73 S3.0 3U5 » .y
*j
fl ■ $$ p
, , l
s
-.. # ■ « t, .# # # t
■A B B B I B  I X: Is» TOI*
I 1 D I  0:1 J? I* A I I  U O I S I l f l  BEAMS  
. tl IID 1S  ■' $ II P' f  i  I M'% B I* 0 AB*
>4*
Loaded and unloaded beams *****:* 4,ty 4 by . 4S*in. spaa#
Q m p m B B io n specimens .»*»#«***«*. 4-in* cubes* ;. 
fension; ^e e te n n .*«*»**»*«***** |  W 3*in* cross section* :
llxter*caseob r&ti©i«
** ,s *
tensile Si
normal Portland canent concrete
tomes fall^r sand of fineness soddus 
of 2*91 and of weight of IQO-lbs* per 
cdMo foot ■ . ■■•
tomes ballast: crushed* m t o d  and 
graded from |-r to f-n end of wei|#at of 
fCKfbs* per cuMo toot when dry#
1 l i f t  3§ ■ I ’by TOtmnef
*54 {V' . ;■:
ixy*' iirie tai^ erature ana mmdlty 
variations of tile .sir in to curing
laboratory ’are; recorded' in taKles*'
the. m m n cube compressive s tre n g th , at 
28 days old m e  3f000*11®* per sq* in.
•lbs. per- sq* in* at 28 days old (age 
’ at loading beam) and jOCKLbs# per sq. in* 
at 63 days old {age at unloading beam)*'
Jlexursl strength. ms 
at 63 deys old. (age.:,'f>t, unloading'
at loadings 28 days,
Loads***
Hodtalns of ll&sticitys**
Two point loads i l 9*.lte» p i#  ■. 
acting at'i&**la# from aipport 
v tic ti g&fi p. stress of 200-lte* 
per aq* in*; ■ ■ The migiit of the 
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per eq. in*./} m s  calculated ti te . 
1#*> (ratio, of Hernial strength to . 
tensile strength) ttosl^lbs* 
per sq* in*' (to attained stress. 
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Spesxmeiiei# . • -Loaded-end unloaded specimens of
4 tgr 4 t|f J4*in#
BeiEforoinp*:. - . f luM of f'n dimeter and *123w
tllcB* to sectional area *» 0*2 
. • sq* in#:-
Percentage of asrainforcas^ i 1*25. ■
Cement** . - Bspid tedening Portland t o t  fast lo* B.C.I*
. losxarO. Portland for fast Ho. R.C. II*
SuMs~ ■ , .-. Staes Talley sand of fineness modulus
. . ,./.of 2*91 end of weight 10O*Xt>s* pen cubic 
/, fool utea to* .
Coarse . Unices 'ballast# crushed# waalied and graded
■ from to,f^.md of weipji? of.90^ 1^ ®* 'P®£
. ctiUc foot ? te t t o *
3D7&*
tl.B f , 3i B*C* I-
SpeciEBHss- Loaded end rnoXoaded spectam*
: ■' botli reinforced with a steel tube
"; ■ v .■■§* eternal diameter and *128* thick,,
U to * . 1*284 ' i ' W  i r o l v m )
/ratio** ■ ' ' * * '  * 0 -
concrete** ■ ;. ftie m o m "Cuba cor passive strength at
23 clays old -  3,340 lbs* per $% In*.
tensile strength of : .
concrete** 2j/*at>s* per ©q* in. at 23 days old*
IloduXus of Elasticity*** tk m  tensile mochlus of elasticity of
CU3Ei.ftg** Cured dry*., the tarperature and 
ta-ddity variations of the air in the 
.aritx laboratory are recorded in
the concrete m m 4*1. x  XCP. end 4#-5 xlC 
Ife* .per ©q*.: in* at 23 and .58 days old 
respectively*
loading t A©e at l o a d i n g 23 days
total fensile load « 2*600-4hs* wbidx gives a tensile stress of ^  
shout 150-ros* per sq*. in*, in concrete taking ia* «' 7*31 (30 s 10°/ 
.4*1 X. 10^ *}/
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8*3*39 8.20 p.m. 9 £5.5 71*0 77 43.8 31*0 37.4 0.00 52.3
10.3*$ 7.30 p.m. n 64.0 70.0 74 41*2 3Q*o, 35.6 1.8 50.3
17*3*39 7*00 p.m. 18 63.9 69*8 74 34.6 25.8 33.2 7.2 46.0
20.3*39 7*P p.m. a 64.0 67.8 82 31.6 23.0 27.3 LO.l 43.1
22.3*39 6.40 p.m. 23 w 64.1 69.1 78 29.6 22.0 25.8 11.6 42.1
23*3*39. 11.00 a.m. 24 - 29.2 a .2 25.2 :L2.2 42.0
8 1*10 p.m. .ti - 63.0 68.8 73 32.2 21.4 26.8 10.6 43.1
ti if » » B if 32.2 21.4 26.8 10.6 5D.2
24*3*3? 7.20 p.m. 25 1 65.0 7O.2 77 30.1 21,0 25.55 11.85 51.0
29.3.39 7*45 P*m. 30 6 64.4’ 69.1 79 26.8 16.9 21.85 15.55 49.8
5.4.39 2, 20 p*m* 37 13 53.3 60*1 51 29.1 17.6 23.35 14.05 5U 3
19.4.39 4.30 P*m* 51 27 ■ ‘W* 59*2 .«» 25.9 13.8 19.85 17.55 48.5
24* 4* 39 7*30 p,m* 56 32 59.1 * 24*2 12.5 13.35 19.05 47.8
28.4.39 7.00 p*m* 60 36 Mir 58.0 21.9 IO.3 16.1 21.3 45.7
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3-5.2? .7*15 p-*su 65 41 • 60*0 ■m 25.0 11.0 18.0 3L9.4 47*5
15*5.39 . 4* 30 p*in* 77 53 59.I --**■- 23.0 8.0 15.5 21.9 45*0
31.5.39 7.30 P*52* 93 % - ; 66.1 • -«» 21.2 6.0 13.6
423.8 44.0
5.6*3? . 7*00 p.m* 98 74 53.0 -68.5 75 17.5 2.5 10.0 27.4 41.0
' 21. 6. 3) 7*00 p*m* 114 90 61.1 66*2 76 22.0 4.9 1®45 23.95 43*2
7.7.39 : 6 . 20 p.m. 130 106 61.2 69.0 66 22.0 3-6 12.8 24.6 43*6
12.7.3? 5*30 p*m* 135 111 ®.4 , 68.4 60 17.5 0.3 8.9 ;38.5 40.0
17*7.39 I.50 pja. 140 ll6 62.0 . 67.5 75 20.0 2.3 11.15
126.25 41.9
24.7.® ; 3.00 p.m. 147 123 58.7 64.5 72 22.9 4.5 I3.7 23.7 43*3
10.8.® ' 1*20- p*Di. 164 140 62.4 . 65.O 86 26.0 7.0 l6.5 20.9 46.5 ■
30.8.® 2.15 p.m. 5.I84 160 63.4 68.3 78 25.3 6.85 16.075 a,325 46.15
4.9.® 2.30, p*m# .189 165 63.5 67*8 £l 25.8 7.Q 16.4 a.o 46.4
8 m It - ® . «. . 8 , « 8 It 40.0
« 4.30 p.m» ft ip tl H . 8 25.8 7.0 16.4
!
2UG 39*3
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.24,65 35*0
21.9.39 11. 30 8*xn. 206 17 58.2 62*0 ; a 25.0 5.7 15.35
-22.05 .37*2
29*9*39 11.00 a.m. a 4 25 53.1 57*5 73 22.0 3.2 12.6 24.8 34.6
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1* leaded g M  tmloaded both
reinforced with a steel tube §*
. eternal diameter and *12Sft' tbidk*
2* Another unloaded g^cten but not 
reinforced*
Ms?* Isfitll fly itelurae)
a^te3>C0nent ratio ,54 | t r  *ei$ifc)
Coring*•» Cured in water* fbe temperature
variations of water for loaded and
uMoaded specimens are recorded in 
fatrtee*
tepresaiw strength 
conorete?-*-..
fensile strength .*■.
Modulus of Jlasticitys-
loadings.
Hie mean cote c o if^ m m ir B  strength at 
28 days old ior water caring, and tested 
wet - 3*557-1^ 3* per sq* in*
Hie tensile strength of concrete for 
wet curing', and tested wet: at 28 'days 
• oMwas 28<3*lbs* per sq, in* . 
at 139 days old 340-lbs* per eq* in*
. fh e tensile iso<iiiias of elasticity of 
concrete at .28 days m s  9*5 xlO^ Its* 
per sq*
At 28 days old the. total tensile load 
2#50©*lb8*
Specimen m s  unloaded at 119 .days old 
m d  at 126 days old?' m s  reloaded by 
a tensile load of 3*35&ibs. (1*33 times 
. the first applied load)*
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